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COMMUNICATION SYSTEM Such a common terrestrial HDTV system offers an HDTV 

service on conventional 16 or 32 QAM signals without any 

This application is a continuation of application Ser. No. modification. In any analogue TV broadcast service, there 

08/2 17,895 filed Mar. 25, 1994 now abandoned, which in are developed a lot of signal attenuating or shadow regions 

turn is a Continuation-in-Part of application Sen No. 08/126, 5 within its service area due to structural obstacles, geographi- 

589, filed Sep. 27, 1993, which in turns is a Continuation- cal inconveniences, ox signal interference from a neighbor 

in-Part of application Ser. No. 08/037,108, filed Mar. 25, station. When the TV signal is an analogue form, it can be 

1993. intercepted more or less at such signal attenuating regions 

BACKGROUND OF THE INVENTION „ ^^J^^^^Umia^.VTV^ 

io is a digital form, it can rarely be reproduced at an acceptable 
1. Held of the Invention level within the regions. This disadvantage is critically 

The present invention relates to a communication system hostile to the development of any digital TV system, 
for transmission/reception of a digital signal through modu- 
lation of its carrier wave and demodulation of the modulated SUMMARY OF THE INVENTION 



15 ft is an object of the present invention, for solving the 

2. Description of the Prior Art foregoing disadvantages, to provide a ccaninunication sys- 

Digital signal communication systems have been used in tern arranged for compatible use for both the existing NTSC 

various fields. Particularly, digital video signal transmission and introducing HDTV broadcast services, particularly via 

techniques have been unproved remarkably. satellite and also, for minimizing signal attenuating or 

Among them is a digital TV signal transmission method. 20 shadow regions of its service area on the grounds. 
So far, such digital TV signal transmission system are in The present invention provides a communication system 
particular use for e.g. transmission between TV stations. comprising: input means for inputting an image signal; 
They will soon be utilized for terrestrial and/or satellite image compression means for compressing said image sig- 
broadcast service in every country of the world. nal to generate a digital image compression signal; error 
The TV broadcast systems including HDTV, PCM music, correction encoding means for adding an error correction 
FAX, and other information service arc now demanded to code to said digital image compression signal to generate an 
increase desired data in quantity and quality for satisfying error correction coding signal; modulating means for modu- 
millions of sophisticated viewers. In particular, the data has lating said error correction coding signal into an n- value 
to be increased in a given bandwidth of frequency allocated VSB modulation signal; transmitting means for transmission 
for TV broadcast service. The data to be transmitted is said n-value VSB modulation signal; receiving means for 
always abundant and provided as much as handled with receiving a transmission signal transmitted from said trans- 
up-to-date techniques of the time. It is ideal to modify or nutting means; demodulating means for H*nw*iii«ting said 
change the existing signal transmission system correspond- transmission signal into a receiving digital signal; error 
ing to an increase in the data amount with time, correction means for error correcting said receiving digital 
However, the TV broadcast service is a public business signal to generate an error-corrected digital signal; image 
and cannot go further without considering the interests and expansion means for expanding said error-corrected digital 
benefits of viewers, ft is essential to have any new service signal to generate an image output signal; and output means 
appreciable with existing TV receivers and displays. More for outputting said image output signal, 
particularly, the c omp a tibil i ty of a system is much desired ^ It is preferable that the n-value of the VSB modulation 
for providing both old and new services s i multaneously or signal is 8. Fuimennore, a Trellis decoder will be used for 
one new service which can be intercepted by either of the the error correction means. 

existing and advanced receivers. Moreover, the receiving digital signal is divided into a 

It is understood mat any new digital TV broadcast system high priority signal and a low priority signal, and the error 

to be introduced has to be arranged for data extension in ^ correction means includes a first error correction means with 

oroVr to respond to future demands and technological advan- a high code gain and a second error correction means with 

tages and also, for ccmpatible action to allow the existing a low code gain, so that me high priority 

receivers to receive transmissions. by the first error correction means. 

^J^^T^J^^t ^P^V^onnancc of high priority signal contains address information of 

prior art duiitalTV^stem wffl be explained. 50 data. And, the Trellis decoderwfll be preferable as tbe first 

A digital satellite TV system is known m which NTSC TV error correction means, 
signals compressed to an about 6 Mbps are multiplexed by 

time division modulation of 4 PSK and transmitted on 4 to BRIEF DESCRIPTION OF THE DRAWINGS 

20 channels while HDTV signals are carried on a single . 

channcLAnomer digital HI^^ 35 HOI is a schematic view^tfie ento arran^t of a 

HDTV video data impressed to * smafas 15 iS^are T^^ZZ7 * * ** cmbodimcnt of 

transmitted on a 16 or 32 QAM signal through ground J* * I * 

stations. FIG. 2 is a block diagram of a transrnitter of the first 

Such a known satellite system permits HDTV signals to emlxxhment; 

be carried on one channel by a conventional manner, thus 60 ™J. 3 is a vector diagram showing a transmission signal 

occupying a band of frequencies equivalent to same chan- of mc ^ embodiment; 

nels of NTSC signals. This causes the corresponding NTSC FK} - 4 ^ a vector diagram showing a transmission signal 

channels to be unavailable during transmission of the HDTV °* tfae embodiment; 

signal Also, the compatibility between NTSC and HDTV FIG. 5 is a view showing an assignment of binary codes 

receivers or displays is hardly concerned and data expansion 65 to signal points according to the first embodiment; 

capability needed for matching a future advanced mode is FIG. 6 is a view showing an assignment of binary codes 

utterly disregarded. to signal point groups according to the first embodiment; 
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FIG. 7 Is a view showing an assignment of binary codes FIG. 34 is an explanatory view showing a time multi- 

to signal points in each signal point group according to the plexing of D t , D 2 , and D 3 signals according to the third 

first embodiment; embodiment; 

FIG. 8 is a view showing another assignment of binary FIG. 35 is an explanatory view showing another time 

codes to signal point groups and their signal points accord- 5 multiplexing of the D x , D a , and D 3 signals according to the 

ing to the first embodiment; third embodiment; 

FIG. 9 is a view showing threshold values of the signal FIG. 36 is an explanatory view showing a further time 

point groups according to the first embodiment; multiplexing of the D,, D 2 , and D 3 signals according to the 

FIG. 10 is a vector diagram of a modified 16 QAM signal third embodiment; 

of the first embodiment; FIG. 37 is a schematic view of the entire arrangement of 

HG. 11 is a graphic diagram showing the relation between a si 8 nal transmission system showing a fourth embodiment 

antenna radius r 2 and transmission energy ratio n according of mc P^**** invention; 

to the first embodiment; FIG. 38 is a vector diagram of a modified 16QAMsignal 

FIG. 12is a view showing the signal points of a modified is of me thinl embodiment; 

64 QAM signal of the first embodiment; FIG. 39 is a vector diagram of the modified 16 QAM 

FIG. 13 is a graphic diagram showing the relation signal of me third embodiment; 

between antenna radius r 3 and transmission energy ratio n FIG. 40 is a vector diagram of a modified 64 QAM signal 

according to the first embodiment; or * me ^ embodiment; 

FIG. 14 is a vector diagram showing signal point groups 20 FIG. 41 is a diagram of assignment of data components on 

and their signal points of the modified 64 QAM signal of the a tiwc 0486 according to the third embodiment; 

first embodiment; FIG. 42 is a diagram of assignment of data components on 

FIG. 15 is an explanatory view showing the relation a time base in TDMA action according to the third embodi- 
fc^eenAiaiidAiOfmeixwa^ed^ 

first embodiment; FIG. 43 is a block diagram of a carrier reproducing circuit 

FIG. 16 is a graph diagram showing the relation between of ***** «nfrodiment; 

antenna radius r 2 , r 5 and transmission energy ratio n 16f n^ FIG. 44 is a diagram showing the principle of carrier wave 

respectively according to the first embodiment; reproduction according to the third embodiment; 

FIG. 17 is a biock diagram of a digital transmitter of the 30 FIG. 45 is a block diagram of a carrier reproducing circuit 

first embodiment; for reverse modulation of the third embodiment; 

FIG. 18 is a signal space diagram of a 4 PSK modulated FIG. 46 is a diagram showing an assignment of signal 

signal of the first embodiment; points of the 16 QAM signal of the third embodiment; 

FIG. 19 is a block diagram of a first receiver of the first ™'fJ S * <5 ?^ Si ^J^J^ & ^ * ^ 

embo< £ mcnt . 35 points of the 64 QAM signal of the third embodiment; 

via y& ic o d<mai mar* sKam-om m a pev msvfniof»s4 FIG. 48 is a block diagram of a carrier reproducing circuit 

J^*Z of * 4 PSK laxhilated fof io ^ lultjplicatioil of ^ ^ embodiment; 

signal or the first embodiment; - A , . . 

ma rx w « w^ir ^.f, FBG. 49 is an explanatory view showing a time multi- 

inG. 21 is a block diagram of a second receiver of the first plcdng of Dyi> Djn> Dy2) DjQ( Dv3 , and D m signals 

cmbodimcnt; 40 according to the third embodiment; 

FIG. 22 is a vector diagram of a modified 16 QAM signal FIG. 50 is an explanatory view showing a TDMA time 

of the first emrxxliment; multiplexing of D w , D ai9 D w , D^, and signals 

FIG. 23 is a vector diagram of a modified 64 QAM signal according to the third embodiment; 

of the first embodiment; FIG. 51 is an explanatory view showing another TDMA 

FIG, 24 is a flow chart showing an action of the first 45 time multiplexing of the D^, D m , Dy^ D m , Dy*, and D m 

embodiment; signals according to the third embodiment; 

FIGS. 25(a) and 25(b) are vector diagrams showing an 8 FIG. 52 is a diagram showing a signal interference region 

and a 16 QAM signal of the first embodiment respectively; " a known transmission method according to the fourth 

nG. 26 is a block diagram of a thiM receiver of the first 50 cinbodunent; 

embodiment; FIG. 53 is a diagram showing signal interference regions 

FIG. 27 is a view showing signal points of the modified transmi8sion accordm « to mc 

64 QAM signal of the first embodiment; f ^ ^ dim f t; , 

nM**-**^^.*.**** inmf^tra^ 

cmboduncnt; 5S embodiment; 

FIG. 29 is a schematic view of the entire arrangement of FIG. 55 is a diagram showing signal attenuating regions 

a signal transmission system showing a third embodiment of in the multi-level signal transmission method according to 

the present invention; &<> fourth ernbodiment; 

FIG. 30 is a block diagram of a first video encoder of the w FIG. 56 is a diagram showing a signal interference region 

third embodiment; between two digital TV stations according to the fourth 

FIG. 31 is a block diagram of a first video decoder of the embodiment; 

third embodiment; FIG. 57 is a diagram showing an assignment of signal 

FIG. 32 is a block diagram of a second video decoder of points of a modified 4 ASK signal of the fifth ernbodiment; 

the third ernbodiment; 55 FIG. 58 Is a diagram showing another assignment of 

FIG. 33 is a block diagram of a third video decoder of the signal points of the modified 4 ASK signal of the fifth 

third embodiment; embodiment; 
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FIGS. 59(a) to 59(<0 are diagrams showing assignment of FIG. 82 is a block diagram of a video decoder for D x 

signal points of the modified 4 ASK signal of the fifth signal of the fifth embodiment; 

embodiment; pj G 83 is a graphic diagram showing the relation 

FIG. 60 is a diagram showing another assignment of between frequency and time of a frequency modulated 

signal points of the modified 4 ASK signal of the fifth 5 s i gna i according to the fifth embodiment; 

embodiment when the ON rate is low; FIG. 84 is a block diagram of a magnetic reconVplayback 

FIG. 61 is a Wock diagram of a 4 VSB or 8 VSB apparatus of the fifth embodiment; 

transmitter of the fifth embodiment; FIG. 85 is a graphic diagram showing the relation 

FIG. 62(a) is a diagram showing the spectrum of an ASK between C/N and level according to the second embodiment; 

s^Le^iW-level VSB signal before filtering, of the FIG. 86 is a graphic diagram showing the relation 

nrtn e nt; between OS and transmission distance according to the 

FIG. 62(J>) is a diagram showing the frequency distribu- second embodiment; 

tion profile of a VSB signal of the fifth embodiment; nG „ fa a block anagram of a transmission of the second 

FIG. 63 is a block diagram of a receiver for 4 VSB, 8 VSB 15 embodiment; 

and 16 VSB in accordance with the fifth embodiment; FIG. 88 is a block diagram of a receiver of the second 

FIG. 64 is a block diagram of a video signal transmitter embodiment; 

of the fifth embodiment; n0 89 h a ffS[Mc me reUdon 

FIG. 65 is a block diagram of a TV receiver of the fifth between C/N and eiror rate according to the second embodi- 

cmbodiment; 20 meo t; 

FIG. 66 is a block diagram of another TV receiver of the FIG. 90 is a diagram showing signal attenuating regions 

fifth embodiment; in the three-level transmission of the fifth embodiment; 

FIG. 67 is a block diagram of a satellite-to-ground TV FIG. 91 is a diagram showing signal attenuating regions 

receiver of the fifth embodiment; in the four-level transmission of a sixth embodiment; 

^ G ^ a ll a d ?S m Sh ? Win8 <* * FIG. 92 Is a diagram showing the four-level transmission 

VSB of the fifth and sixth embodiments; of me sixm embodiment; 

™ G J* b lt 8 d f a ST &h ^f« mc constellation of 8 FIG. 93 is a block diagram of a divider of the sixth 

VSB of the fifth and sixth embodiments; embcKliment- 

« ^F*^ wwefi " m <* 30 FIG. 94 is a block diagram of a mixer of the sixth 

8 VSB of the fifth and sixth embodiments; embodiment; 

J^is * Wock diagram of a videoencoder of the fifth fig. 95 is a diagram showing another four-level trans- 

^Sr^fT m „ mission of the sixth embodiment; 

FIG. 71 is a block diagram of a video decoder of the fifth CTO ^ . . , , , ^ , t 

anbod £ mcnt . ^ FIG. 97 is a view of signal propagation of a digital TV 

rrw- »mT7 ui ^a- * ^ cjCiJ broadcast system according to the sixth embodiment; 

FIG. 72 is a block diagram of a video decoder of the fifth CT « M ; 7"~ . . _ 

embodiment containingooe mixer circuit; ^c^oa^™ * ^nsim^o n of 

FIG. 73 is a diagram showing a time assignment of data 40 c _ n ^ 

components of a transinission signal according to the fifth ™* , a vcctor (Ua * ram <* * 16 «QAM signal of the 

embodiment; thaa cmbodimcilt » 

FIG. 74(a) is a block diagram of a video decoder of the . nG - 1* is a vector diagram of a32SRQAMsignalofthe 

fifth embodiment; mird «nb«hment; 

FIG. 74(b) is a diagram showing another time assignment 45 m - 161 » a graphic diagram showing die relation 

of data components of the t ransmis sion signal accordin g to between C/N and error rate according to the third embodi- 

the fifth embodiment; meat; 

FIG. 75 is a diagram showing a fa'wv> assignment of data FIG. 102 is a graphic d i agram showing the relation 

components of a transmission signal according to the fifth between C/N and error rate according to the third embodi- 

embodimeut; 50 mcfl ^ 

FIG. 76 is a diagram showing a rinw assig nment of data FIG. 103 is a graphic diagram showing the relation 

components of a transmission signal according to the fifth between shift distance n and C/N needed for transmission 

embodiment; according to the third embodiment; 

FIG. 77 is a diagram showing a time assignment of data - FIG. 104 is a graphic diagram showing the relation 

components of a transmission signal according to the fifth between shift distance n and C/N needed for transmission 

embodiment; according to the third embodiment; 

FIG. 78 is a block diagram of a video decoder of the fifth FIG. 105 is a graphic diagram showing the relation 

embodim ent; between signal level and distance from a transmitter antenna 

FIG. 79 is a diagram showing a time assignment of data & terrestrial broadcast service according to the third 

components of a three-level transmission signal according to embodiment; 

the fifth embodiment; FIG. 106 is a diagram showing a service area of the 32 

FIG. 80 is a block diagram of another video decoder of the SRQAM signal of the third embodiment; 

fifth embodiment; FIG. 107 is a diagram showing a service area of die 32 

FIG. 81 is a diagram showing a time assignment of data 65 SRQAM signal of the third embodiment; 

components of a transmission signal according to the fifth FIG. 108(a) is a diagram showing a frequency distribution 

embodiment; profile of a conventional TV signal, FIG. \QS(b] lis a diagram 
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showing a frequency distribution profile of a conventional FIG. 128(a) is a block diagram showing a Trellis encoder 

two-layer TV signal, FIG. 108(c) is a diagram showing (ratio 1/2) according to the second, fourth and fifth embodi- 

threshold values of the third embodiment, FIG. 108(4) is a ments; 

diagram showing a frequency distribution profile of two- FIG. 128(b) is a block diagram showing a Trellis encoder 
layer OFDM carriers of the ninth embodiment, and FIG. 5 (ratio 2/3) according to the second, fourth and fifth embodi- 

108(e) is a diagram showing threshold values for three-layer ments; 

OFDM of the ninth embodiment; FIG. 128(c) is a block diagram showing a Trellis encoder 

FIG. 109 is a diagram showing a time assignment of the ( raao according to the second, fourth and fifth embodi- 

TV signal of the third einbodiment; ments; 

ments; 

FIG. Ill is a view showing an assignment of codes FIG. 128(c) is a block diagram showing a Trellis decoder 

according to the third embodiment; ^ 0 2/3 ) according to the second, fourth and fifth embodi- 

FIG. 112 is a view showing an assignment of an extended 15 ments; 

36 QAM according to the third embodiment; FIG. 128(/) is a block diagram showing a Trellis decoder 

FIG. 113 is a view showing a frequency assignment of a (ratio 3/4) according to the second, fourth and fifth embodi- 

modulation signal according to the fifth embodiment; ments; 

FIG. 114 is a block diagram showing a magnetic FIG. 129 is a view showing a time assignment of effective 

recording/playback apparatus according to the fifth cmbodi- 20 svinboi Periods and guard intervals according to the ninth 

meat; embodiment; 

FIG. 115 is a block diagram showing a Emitter/ r S?*^ 

„„,„_ - „ _. oVJ . ._~JjT„ >k. „„k* C/N rate and error rate according to the ninth embodiment; 

^erof a portable telephone according to the «ghth nG . ul i, a block diagram showing a magnetic 

cnBXXIunc • recording/playback apparatus according to the fifth cmbodi- 

FIG. 116 is a block diagram showing base stations accord- 25 ^ ~ r 

ing to the eighth enibodimettt; nG 132 is a view showing a recording format of track on 

FIG. 117 is a view illustrating communication capacities the magnetic tape and a travelling of a head; 
and traffic distribution of a conventional system; pjQ 133 ^ a block diagram showing a transmitter/ 

FIG. 118 is a view illustrating communication capacities ^ receiver according to the third embodiment; 
and traffic distribution according to the eighth embodiment; FIG. 134 is a diagram showing a frequency assignment of 

FIG. 119(a) is a diagram showing a time slot assignment a conventional broadcasting; 
of a conventional system; FIG. 135 is a diagram showing a relatio n between service 

FIG. 119(b) is a diagram showing a time slot assignment ^ ^ picture quality in a three-level signal transmission 

according to the eighth embodiment; 35 system according to the third embodiment; 

FIG. 120(a) is a diagram showing a time slot assignment FIG. 136 is a diagram showing a frequency assignment in 

of a conventional TDMA system; case the multi-level signal transmission system according to 

FIG. 120(6) is a diagram showing a time slot assignment the third embodiment is combined with FDM; 
according to a TDMA system of the eighth embodiment; FIG. 137 is a block diagram showing a transmitter/ 

FIG. 121 is a block diagram showing a one-level 40 receiver according to the third embodiment, in which Trellis 

transmitterAeceiver according to the eighth embodiment; encoding is adopted; 

FIG. 122 is a block diagram showing a two-level FIG. 138 is a block diagram showing a transmitter/ 

transmitter/receiver according to the eighth embodiment; receiver according to the ninth embodiment, in which a part 

FIG. 123 is a block diagram showing an OFDM type of low frequency band signal is transmitted by OFDM; 
transmitter/receiver according to the moth embodiment; 45 FIG, 139 is a diagram showing an assignment of signal 

FIG. 124 is a view illustrating a principle of the OFDM points of the 8-PS-APSK signal of the first embodiment; 
system according to the ninth embodiment; FIG. 140 is a diagram showing an assignment of signal 

PEG. 125(a) is a view showing a frequency assignment of points of the 16-PS-APSK signal of the first embodiment; 
a modulation signal of a conventional system; FIG. 141 is a diagram showing an assignment of signal 

FIG. 125(b) is a view showing a frequency assignment of points of the B-PS-PSK signal of the first einbodimem; 
a modulation signal according to the ninth embodiment; FIG. 142 is a diagram showing an assignment of signal 

FIG. 126(a) is a view showing a frequency assignment of points of the 16-PS-PSK(PS type) signal of the fimembodi- 

an OFDM signal of the ninth embodiment, wherein no meat; 

weighting is applied; 53 FIG. 143 is a graphic diagram showing the relation 

FK>. 126(6) is a view showing a frequency assignment of between antenna radius of satellite and transmission capac- 

an OFDM signal of the ninth embodiment, wherein two ity according to the first embodiment; 
channels of two-layer OFDM are weighted by transmission FIG. 144 Is a block diagram showing a weighted OFDM 

electric power; transmitter/receiver according to the ninth embodiment; 

FIG. 126(c) is a view showing a frequency assignment of 60 FIG. 145(a) is a diagram showing the waveform of the 

an OFDM signal of the ninth embodiment wherein carrier guard time and the symbol time in the multi-level OFDM 

intervals are doubled by weighting; according to the ninth embodiment, wherein multipart! is 

FIG. 126(d) is a view showing a frequency assignment of short; 
an OFDM signal of the ninth embodiment, wherein carder FK3. 145(6) is a diagram showing the waveform of the 
intervals are not weighted; 65 guard time and the symbol time in the multi-level OFDM 

FIG. 127 is a block diagram showing a transmitter/ according to the ninth embodiment, wherein mumpath is 

receiver according to the ninth embodiment; long; 
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FIG. 146 is a diagram showing a principle of the multi- FIG. 161 is a diagram showing an overall construction of 

level OFDM according to the ninth embodiment; a VSB receiver according to the fifth embodiment; 

FIG. 147 is a diagram showing subchannel assignment of FIG. 162 is a transmitter according to the film embodi- 

a two-layer signal transmission system, weighted by electric ment; 

power according to the ninth embodiment; 5 FIG. 163 is a graph showing the relationship between the 

FIG. 148 is a diagram showing relation among the D/V error rate and the C/N rate with respect to the 4 VSB and the 

ratio, the multipath delay time, and the guard time according TC-8VSB; 

to the ninth embodiment; FIG. 164 is a graph showing the relationship between the 

FIG. 149(c) is a diagram showing time slots of respective error rate and the C/N rate with respect to the 4 VSB and the 

layers according to the ninth embodiment; subchannels 1 and 2 of the TC-8VSB; 

FIG. 149(b) is a diagram showing time distribution of FIG. 165(a) is a block diagram showing a Reed-Solomon 

guard times of respective layers according to the ninth encoder according to the second, fourth and fifth embodi- 

embodiment; ments; 

FIG. 149(c) is a diagram showing time distribution of 15 FIG. 165(b) is a block diagram showing a Reed-Solomon 

guard times of respective layers according to the ninth decoder according to the second, fifth and sixth embodi- 

embodiment; ments; 

FIG. 15* is a diagram showing relation between mulupath FIG. 166 is a flowchart showing the Reed-Solomon error 

delay time and transfer rate according to the ninth coirection according to the second, fourth and fifth embodi- 
embodiment, wherein three-layer signal transmission eflfec- 20 ment; 

tivc to muMpam is realized; FIG. 1*7 is a block diagram showing a de interleaver 

FIG. 151 is a diagram showing relation between mulupath according to tlie second, third, four^ 

delay time and CIS ratio according tn th*» ninth embodiment, ments; 

wherein twcMJim^ooaU matrix type, multi-layer broad- „(,. 16g(fl) ls a diagram showing an interleave/ 

^r^^^ I ^^^^^ CTW -° FDM deintadeave table according to the second^ third, fourth and 

and the C-CDM (or the CSW-OFDM); firm embodiments; 

«. Ht !' ^ ™ a di T nl 1°!™* 8 , time of a FIG. 168(6) is a diagram showing an interleave distance 

^f" C ylTL^ lal * a"* hme sl°t, "> me combwabon aax^g to me second, third.fourth and fifm embodiments; 

of the GTW-OFDM and the C-CDM (or CSW-OFDM) „ m-TT**- 7~ . . /^TTTnT 

according to the ninth embodiment; HO. l»l»^»4agram showing die compansoii of 4-VSB, 

„Jr7„ . T ^ M , , _ 8-VSB and 16-VSB with respect to the redundancy accord- 

FHj. 153 is a diagram illustrating the multi-level broad- ing to the fifth embodiment; 

cast system having a three-dimensional matrix structure in 170 . , w . Mmmn . . 

the idationshm among the delay lime of a multipara signal „177 "* *Li . . du ? ram • ™ «cav« 

the C/N rateZd the transfer ra^ in the combinSonXe , 5 SfS»tiSff2L35? Z^**** * "* 

GTW-OFDM and the C-CDM (or CSW-OFDM) according «° «mbo«ments; 

to the ninth embodiment; " FK>. 171 is a block diagram showing a transmitter and a 

FIG. Wis.diagr^showingmefrequencydi^on ^L^^ * ^ fourth and fifth 
of the power-weighted-OFDM according to the ninth 

embodiment; 40 FK3« 172 is a block diagram showing a transmitter and a 

FIG. 155 is a diagram showing a time assignment of a **™x according to the second, third, foiirth and fifth 

three-level TV signal in each time slot, in the combination embodiments; 

of the guard-time-OFDM and the C-CDM according to the nG - 173 a Dlock diagram showing a magnetic 

ninth embodiment; reoordingfrepfoducing apparatus in accordance with the 

nG. 156 is a block diagram showing a tr^^ 45 system of the sixth embodiment 

receiver according to the fourth and fifth embodiments; DETAILED DESCR I PT IO N OF THE 

FIG. 157 Is a block diagram showing a transmitter and a PREFERRED EMBODIMENTS 

f0UIth ZL™ Cmb °^ tS: I*fared embodiments of the present invention will be 

FIG. 158 is a block diagram showing a transmitter and a 50 described hereinafter referring to the accttnpanyiniz draw- 
receiver according tote ings. The present invention can be embo^edln a^mmu- 

FIG. 159(a) is a diagram showing an assignment of signal mention system, combining a transmitter and a receiver, for 
points of the 16 VSB signal of the fifth embodiment; transmission/reception of a digital signal, such as a digital 

FIG. 159(b) is a diagram showing an assignment of signal HDTV signal, and In a recording/reproducing apparatus for 
points of the 16 VSB (8 VSB) signal of the fifth embodi- 55 recording or reproducing a digital signal, such as HDTV 
ment; signal, onto or from a recording medium, such as a magnetic 

FIG. 159(c) is a diagram showing an assignment of signal u ^ Cm Howcvcr ' construction and operating principle of the 
points of the 16 VSB (4 VSB) signal of the fifth embodi- digital inodulatoi/demodulator, the error-correcting encoded 
ment; decoder, and the image (HDTV signal etc) coding encoded 

FIG. 159(d) is a diagram showing an assignment of signal « <^er of me^nt invention are^mmonly or equally 

points of me 16 VSB(tf VSB) signal of mefifth «nbod£ <f * e °^ n f^ f d ? c 

££Z 1 * ouuwu recoidrng/rcprodudng apparatus. Accordingly, to describe 

each embodiment efficiently, the present invention will be 
MO; 16*a) is a Uock circuit showing an ECC encoder explained with reference to either of the conmiunication 

according to the fifth and sixth embodiments; 65 system and the recording/reproducing apparatus. 

FIG. 160(b) is a block circuit showing an ECC decoder Furmermore, the present invention will be applied to any 

according to the firm and sixth embodiments; multi-value digital modulation system which allocates sig- 
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nal points on Che constellation, such as QAM, ASK and PSK, 
although each embodiment may be explained based on only 
one modulation method. 
Embodiment 1 

FIG. 1 shows the entire arrangement of a signal trans- 
mission system according to the first embodiment of the 
present invention. A transmitter 1 comprises an input unit 2, 
a divider circuit 3, a modulator 4, and a transmitter unit 5. 
In action, each input multiplex signal is divided by me 
divider circuit 3 into three groups, a first data stream Dl, a 
second data stream D2, a third data stream D3, which are 
then modulated by the modulator 4 before being transmitted 
from the transmitter unit 5. The modulated signal is sent up 
from an antenna 6 through an uplink: 7 to a satellite 10 where 
it is intercepted by an uplink antenna 11 and amplified by a 
transponder 12 before being transmitted from a downlink 
antenna 13 towards the ground. 

The transmission signal is then sent down through three 
downlinks 21, 32, and 41 to a first 23, a second 33, and a 
third receiver 43 respectively. In the first receiver 23, the 
signal intercepted by an antenna 22 is fed through an input 
unit 24 to a demodulator 25 where its first data stream only 
is demodulated, while the second and third data streams are 
not recovered, before being transmitted further from an 
output unit 26. 

Similarly, the second receiver 33 allows the first and 
second data streams of the signal intercepted by an antenna 
32 and fed from an input unit 34 to be demodulated by a 
demodulator 35 and then, summed by a summer 37 to a 
single data stream which is then transmitted further from an 
output unit 36. 

The third receiver 43 allows all the first, second, and third 
data streams of the signal intercepted by an antenna 42 and 
fed from an input unit 44 to be demodulated by a demodu- 
lator 45 and then, summed by a summer 47 to a single data 
stream which is then transmitted further from an output unit 
46. 

As understood, the three discrete receivers 23, 33, and 43 
have then* respective demodulators of different characteris- 
tics such that their outputs demodulated from the same 
frequency band signal of the transmitter 1 contain data of 
different sizes. More particularly, three different but com- 
patible data can simultaneously be carried on a given 
frequency band signal to their respective receivers. For 
example, each of three, existing NTSC, HDTV, and super 
HDTV, digital signals is divided into a low, a high, and a 
super high frequency band components which represent the 
first, the second, and the third data stream respectively. 
Accordingly, the three different TV signals can be transmit- 
ted on a one-channel frequency band carrier for simulta- 
neous reproduction of a a high, and a super high 
resolution TV image respectively. 

In service, the NTSC TV signal is intercepted by a 
receiver accompanied with a small antenna for demodula- 
tion of a small-sized data, the HDTV signal is intercepted by 
a receiver accompanied with a medium antenna for demodu- 
lation of medium-sized data, and the super HDTV signal is 
intercepted by a receiver accompanied with a large antenna 
for demodulation of large-sized data. Also, as illustrated in 
FIG. 1, a digital NTSC TV signal containing only the first 
data stream for digital NTSC TV broadcasting service is fed 
to a digital transmitter 51 where it is received by an input 
unit 52 and modulated by a modulator 54 before being 
transmitted further from a transmitter unit 55. The demodu- 
lated signal is then sent up from an antenna 56 through an 
uplink 57 to the satellite 1# which in turn transmits the same 
through a downlink 5S to the first receiver 23 on the ground 
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The first receiver 23 demodulates with its demodulator 25 
the modulated digital signal supplied from the digital trans- 
mitter 51 to the original first data stream signal. Similarly, 
the same modulated digital signal can be intercepted and 

5 demodulated by the second 33 or third receiver 43 to the first 
data stream or NTSC TV signal In summary, the three 
discrete receivers 23, 33, and 43 all can intercept and process 
a digital signal of the existing TV system for reproduction. 
The arrangement of the signal transmission system will be 

10 described in more detail. 

FIG. 2 is a block diagram of the transmitter 1, in which an 
input signal is fed across the input unit 2 and divided by the 
divider circuit 3 into three digital signals containing a first, 
a second, and a third data stream respectively. 

is Assuming that the input signal is a video signal, its low 
frequency band component is assigned to the first data 
stream, its high frequency band component to the second 
data stream, its super-high frequency band component to the 
third data stream. The three different frequency band signals 

20 are fed to a modulator input 61 of the "wfrilarnr 4. Here, a 
signal point modulating/changing circuit 67 wwtniaf« or 
changes the positions of the signal points according to an 
externally given signal. The modulator 4 is arranged for 
amplitude modulation on two 90°-out-of-phase carriers 

25 respectively which are then summed to a multiple QAM 
signal. More specifically, the signal from the modulator 
input 6 1 is fed to both a first 62 and a second AM modulator 
63. Also, a carrier wave of cos(2jtfct) produced by a carrier 
generator 64 is directly fed to the first AM modulator 62 and 

30 also, to a n/2 phase shifter 66 where it is 90° shifted in phase 
to a sin(2itfct) form prior to transmitted to the second AM 
modulator 63. The two amplitude modulated signals from 
the first and second AM modulators 62, 63 are summed by 
a summer 65 to a transmission signal which is then trans- 

35 f erred to the transmitter unit 5 for output The procedure is 
well known and will not further be explained. 

The QAM signal will now be described in a common 8x8 
or 16 state constellation referring to the first quadrant of a 
space diagram in FIG. 3. The output signal of me modulator 

40 4 is expressed by a sum vector of two, Acos2jtfct and 
Bsin2fffct, vectors 81, 82 which represent the two 90°-out- 
of -phase carriers respectively. When the distal point of a 
sum vector from the zero point represents a signal point, the 
16 QAM signal has 16 signal points determined by a 

45 combination of four horizontal amplitude values a lt a^ a 3 , 
a 4 and four vertical amplitude values b 1} b 2 , b 3 , b 4 . The first 
quadrant in FIG. 3 contains four signal points 83 at C u , 84 
at C a , 85 at C^, and 86 at C^. 
C u is a sum vector of a vector <*-a 4 and a vector 0-b l and 

50 thus, expressed as C l l ^ 1 cos2m c ct-b l sin2itfct=Acos(2 Jtf ct-f 
<fat/2). 

It is now assumed that the distance between 0 and a lt in 
the orthogonal coordinates of FIG. 3 is A t , between a x and 
% is A^ between 0 and b t is B x , and between b lt and b^ is 
55 B 2 . 

As shown in FIG. 4, the 16 signal points are allocated in 
a vector coordinate, in which each point represents a four-bit 
pattern thus to allow the transmission of four bit data per 
period or time slot 

60 FIG. 5 illustrates a common assignment of two-bit pat- 
terns to the 16 signal points. 

When the distance between two adjacent signal points is 
great, it will be identified by the receiver with much ease. 
Hence, it is desired to space the signal points at greater 

65 intervals. If two particular signal points are allocated near to 
each other, they are rarely distinguished and error rate will 
be increased Therefore, it is most preferred to have the 
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signal points spaced at equal intervals as shown in FIG. 5, In this respect, a new system Is desperately needed for 
in which the 16 QAM signal is defined by A^AJL transmitting the signal point data of a quasi 4 PSK signal in 

The transmitter 1 of the embodiment is arranged to divide the 16 QAM mode with the use of less energy. Otherwise, 

^K.^T« • mt0 ."^ * SeC ° m1 ' a f^ d f^ the limited energy at a satellite station wfll degrade the entire 

or bit stream. The 16 signal points or groups of signal points 5 transmission system. 

ZX^l ™ *^Tl? ? ^ P*?" * T«« present invention resides in a multiple signal level 

first data stream arc assigned to the four signal point groups Q ,™™1 „♦ - . . . *• • , . , ^ ^™ i 

respectively, as shown inHG. 6. More prtUy, wKe " jmdi «gwl P«nt groups 91 92, 93 

tw^pattern of the first data sttcamis uTonc of four * ~ other, as 

signal points of the first signal point group 91 in the first shown ^ w "Tf 8 * C cnasy consun ^ tlOD 

quadrant is selected depending on the content of the second 10 rcquircd f( f 16 n^ocUiMon of quasi 4 PSK signals, 

data stream for transmission. Similarly, when 01, one signal For clarifying the relation between the signal receiving 

point of the second signal point group 92 in the second sensitivity and the transmitting energy, the arrangement of 

quadrant is selected and transmitted When 00, one signal tfac digftal transmitter 51 and the first receiver 23 will be 

point of me third signal point group 93 in the third quadrant described in more detail referring to FIG. 1. Both the digital 

is transmitted and when 10, one signal point of the fourth 15 transmitter 51 and the first receiver 23 are formed of known 

signal point group 94 in the fourth quadrant is transmitted. types for data transmission or video signal transmission eg. 

Also, 4 two-bit patterns in the second data stream of the 16 in TV broadcasting service. As shown in FIG. 17, the digital 

QAM signal, or eg. 16 four-bit patterns in the second data transmitter 51 is a 4 FSK transmitter equivalent to the 

stream of a 64-state QAM signal, are assigned to four signal multiple-bit QAM transmitter 1, shown in FIG. 2, without 

points or sub signal point groups of each of the four signal 20 AM modulation capability. In operation, an input signal is 

point groups 91 , 92, 93, 94 respectively, as shown in FIG. 7. fed through an input unit 52 to a modulator 54 where it is 

It should be understood that the assignment is symmetrical divided by a modulator input 121 to two components. The 

between any two quadrants. The assignment of the signal two components are then transferred to a first two-phase 

points to die four groups 91, 92, 93, 94 is determined by nuxlulator circuit m for pluu«in«mladon of a base carrier 

priority to the two-bit data of the first data stream. As the 25 and a second two-phase modulator circuit 123 for phase 

result, two-bit data of the first data stream and two-bit data modulation of a carrier which is 90' out of phase with the 

of the second data stream can be transmitted independently. base carrier respectively. Two outputs of the first and second 

Also, the first data stream will be de mo dulated with the use two-phase rnodulator circuits 122, 123 are then summed by 

of a common 4 PSK receiver having a given antenna a summer 65 to a composite modulated signal which is 

sensitivity. If the antenna sensitivity is higher, a modified 30 further transmitted from a transmitter unit 55. 

type of the 16 QAM receiver of the present invention will The resultant modulated signal is shown in the space 

intercept and demodulate both the first and second data diagram of FIG. 18. 

stream with equal success. It is known that the four signal points are allocated at 

FIG. 8 shows an example of the assignment of the first and equal distances for achieving optimum energy utilizati on 

second data streams in two-bit patterns. 35 FIG. 18 illustrates an example where the four signal points 

When the low frequency band component of an HDTV 125, 126, 127, 128 represent 4 two-oit patterns, 11, 01, 00, 

video signal is assigned to the first data stream and the high and 10 respectively. It is also desired for successful data 

frequency component to the second data stream, the 4 PSK transfer from the digital transmitter 51 to the first receiver 23 

receiver can produce an NTSC-level picture from the first that the 4 PSK signal from the digital transmitter 51 has an 

data stream and the 16- or 64-state QAM receiver can 40 amplitude of not less than a given level More specifically, 

produce an HDTV picture from a composite reproduction when the minimmn amplitude of the 4 PSK signal needed 

signal of the first and second data streams. for transmission from the digital transmitter 51 to the first 

Since the signal points are allocated at equal intervals, receiver 23 of 4 PSK mode, or the distance between 0 and 

there is developed in the 4 PSK receiver a threshold distance a 1 in FIG. 18 is A^, die first receiver 23 successfully 

between the coordinate axes and the shaded area of the first 45 intercept any 4 PSK signal h*vfn £ *n umpittn^ *f mrTT fann 

quadrant, as shown in FIG. 9. If the threshold distance is A^ 

Ajq, aPSK signal having an amplitude of A^ will success- The first receiver 23 is arranged to receive at its small- 

fuDy be intercepted. However, the amplitude has to be diameter antenna 22 a desired or 4 PSK signal which is 

increased to a three times greater value or ZA^ for trans- transmitted from the transmitter 1 or digital transmitter 51 
mission of a 16 QAM signal while the threshold distance 50 respectively through the transponder 12 of the satellite 10 

Ajo being maintained. More particularly, the energy needed and demodulate it with the demodulator 24. In more 

for tra nsmitt ing the 16 QAM signal is nine times greaterthan particular, the first receiver 23 is substantially designed for 

that for sending the 4 PSK signal Also, when the 4 PSK interception of a digital TV or data co mmunicatio ns signal 

signal is transmitted in a 16 QAM mode, energy waste wfll of 4 PSK or 2 PSK mode. 

be high and reproduction of a carrier signal will be trouble- 55 FIG. 19 is a block diagram of me lim receiver 23 m which 

some. Above all, the energy available for satellite transmit- an input signal received by the antenna 22 from the satellite 

ting is not abundant but strictly limited to minimum use. 12 is fed through the input unit 24 to a carrier reproducing 

Hence, no large-encrgy-consuming signal transmitting sys- circuit 13 1 where a carrier wave is demodulated and to an/2 

tern will be put into practice until more e ncrgy for satellite phase shifter 132 where a 90° phase carrier wave is demodu- 
trarismission is available, ft is expected that a great number 60 latcd. Also, two 90°-out-ctf-phase components of the input 

of the 4 PSK receivers are mtroduced into the market as signal are detected by a first 133 and a second phase detector 

digual TV broadcasting is soon in service. After introduction circuit 134 respectively and transferred to a first 136 and a 

to the market, the 4 PSK receivers will hardly be shifted to second discrimmation/demodulation circuit 137 respec- 

higher sensitivity models because a signal intercepting char- trvcly. Two demodulated components from their respective 
acteristic gap between the two, old and new, models is high. 65 dtorimination/dfmodnlation circuits 136 and 137, which 

Therefore, the transmission of the 4 PSK signals must not be have separately been discriminated at units of time slot by 

abando n ed. means of timing signals from a timing wave extracting 
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circuit 155, are fed to a first data stream reproducing unit 232 
where they are summed to a first data stream signal which 
is then delivered as an output from the output unit 26. 

The input signal to the first receiver 23 will now be 
explained in more detail referring to the vector diagram of 
FIG. 2#. The 4 PSK signal received by the first receiver 23 
from the digital transmitter 51 is expressed in an ideal form 
without transmission distortion and noise, using four signal 
points 151. 152, 153, 154 shown in FIG. 20. 

In practice, the real four signal points appear in particular 
extended areas about the ideal signal positions 151, 152, 
153, 154 respectively due to noise, amplitude distortion, and 
phase error developed during transmission. If one signal 
point is unfavorably displaced from its original position, it 
will hardly be distinguished from its neighbor signal point 
and the error rate will thus be increased. As the error rate 
increases to a critical level, the reproduction of data becomes 
less accu r ate. For enabling the data reproduction at a maxi- 
mum acceptable level of the error rate, the distance between 
any two signal points should be far enough to be distin- 
guished from each other. If the distance is 1A ^ the signal 
point 151 of a 4 PSK signal at close to a critical error level 
has to stay in a first discriminating area 155 denoted by the 
hatching of FIG. 20 and determined by lO^I^A^ and 
HU>*ufeUK>- This allows the signal transmission system to 
reproduce carrier waves and thus, demodulate a wanted 
si gnal. When the minimum radius of the antenna 22 is set to 
to, (he transmission signal of more man a given level can be 
intercepted by any receiver of the system. The amplitude of 
a 4 PSK signal of the digital transmitter 51 shown in FIG. 
18 is minimum at Ajq and thus, th^ minimum amplitude A K0 
of a 4 PSK signal to be received by the first receiver 23 is 
determined equal to A^ As the result, the first receiver 23 
can intercept and demodulate me 4 PSK signal from the 
digital transmitter 51 at the maximum acceptable level of the 
error rate when the radius of the antenna 22 is more than ro. 
If me transmission signal is of modified 16- or 64-state 
QAM mode, the first receiver 23 may find it difficult to 
reproduce its carrier wave. For compensation, the signal 
points are increased to eight which are allocated at angles of 
(fi/44mtf2) as shown in FIG. 25(a) and its carrier wave win 
be reproduced by a loxmumplication technique. Also, if the 
signal points are assigned to 16 locations at angles of nn/8 
as shown in FIG. 25(b), the carrier of a quasi 4 PSK mode 
16 QAM modulated signal can be reproduced with the 
carrier reproducing circuit 131 which is modified for per- 
forming loxtrcquency multiplication. At the time, the signal 
points in the transmitter 1 should be arranged to satisfy 
A^A^AaHaodi/S). 

Here, a case of receiving a QPSK signal will be consid- 
ered. Similarly to the manner performed by the signal point 
modulating /changing circuit 67 in the transmitter shown in 
FIG. 2, it is also possible to modulate the positions of the 
signal points of the QPSK signal shown in FIG. IS 
(amplitude-modulation, pdse-modnlation, or the like). In 
this case, the signal point demodulating unit 138 in the first 
receiver 23 demodulates the position modulated or position 
changed signal. The demodulated signal is outputted 
together with the first data stream. 

The 16 PSK signal of the transmitter 1 will now be 
explained referring to the vector diagram of FIG. 9. When 
the horizontal vector distance A 4 of the signal point 83 is 
greater than A^ of the minimum amplitude of the 4 PSK 
signal of the digital transmitter 51, the four signal points 83, 
84, 85, 86 in the first quadrant of FIG. 9 stay in the shaded 
or first 4 PSK signal receivable area 87. When received by 
the first receiver 23, the four points of the signal appear in 
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the first discriminating area of the vector field shown in FIG. 
20. Hence, any of the signal points 83, 84, 85, 86 of FIG. 9 
can be translated into the signal level 151 of FIG. 2d by the 
first receiver 23 so that the two-bit pattern of U is assigned 

5 to a corresponding time slot The two-bit pattern of 11 is 
identical to 11 of the first signal point group 91 or first data 
stream of a signal from the transmitter 1. Equally, the first 
data stream will be reproduced at the second, third, or fourth 
quadrant As the result, the first receiver 23 reproduces 

10 two-bit data of the first data stream out of the plurality of 
data streams in a 16-, 32-, or 64-state QAM signal trans- 
mitted from the transmitter 1. The second and third data 
streams are contained in four segments of the signal point 
group 91 and thus, will not affect on me demodulation of me 

is first data stream. They may however affect the reproduction 
of a carrier wave and an adjustment, described later, will be 
needed. 

If the transponder of a satellite supplies an abundance of 
energy, the forgoing technique of 16 to 64-state QAM mode 

20 transmission will be feasible. However, the transponder of 
the satellite in any existing satellite transmission system is 
strictly limited in the power supply due to its compact size 
and the capability of solar batteries. If the transponder or 
satellite is increased in size thus weight, its launching cost 

25 will soar. This disadvantage will rarely be eliminated by 
traditional techniques unless the cost of launching a satellite 
rocket is reduced to a considerable level In the existing 
system, a common communications satellite provides as low 
as 20 W of power supply and a common broadcast satellite 

30 offers 100 W to 200 Wat best For transmission of such a 4 
PSK signal in the symmetrical 16-state QAM mode as 
shown in FIG. 9, the minimum signal point distance is 
needed 3A ro as the 16 QAM amplitude is expressed by 
2A l =A 2 . Thus, the energy needed for the purpose is nine 

35 times greater than that for transmission of a common 4 PSK 
signal, in order to maintain compatibility. Also, any con- 
ventional satellite transponder can hardly provide a power 
for enabling such a small antenna of the 4 PSK first receiver 
to intercept a transmitted signal therefrom. For example, in 

40 the existing 40 W system, 360 W is needed for appropriate 
signal transmission and will be unrealistic in the respect of 
cost 

It would be understood that the symmetrical signal state 
QAM technique is most effective when the receivers 

45 equipped with the same sized antennas are employed cor- 
responding to a given transmitting power. Another novel 
technique will however be preferred for use with the receiv- 
ers equipped with different sized antennas. 
In more detail, whOe the 4 PSK signal can be intercepted 

50 by a common low cost receiver system having a small 
antenna, the 16 QAM signal is intended to be received by a 
high cost, higfr quality, multiple-bit wwirfniaring receiver 
system with a medium or large sized antenna which is 
designed for providing highly valuable services, eg. HDTV 

55 entertainments, to a particular person who invests more 
money. This allows both 4 PSK and 16 QAM signals, if 
desired, with a 64 DMA, to be transmitted simultaneously 
with the help of a small increase in the transmitting power. 
For example, the transmitting power can be maintained 

60 low when the signal points are allocated at A 1 ^A 2 as shown 
in FIG. 10. The amplitude A(4) for transmission of 4 PSK 
data is expressed by a vector 96 equivalent to a square root 
of (Aj+A^+O^a) 2 . Then, 

lA(16)P^ l M 2 ) a + <fi 1+ fi^ ro a 44A ro 2 =8 TO J 
U(VyU<4)fc2 
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Accordingly, the 16 QAM signal can be transmitted at a FIG. 12 is a vector diagram in which each signal point 

two times greater amplitude and a four times greater trans- group segment contains 16 signal points as compared with 

^ fnergy toan those needed for the 4 PSK signal A 4 signal points of FIG. In The first signal potoTgroup 

SSf^L 'iSSiftt""** ' V n ^ n "P"*" 91 * R<3- " has a 4x4 matrix ofU signal £Js 

However, it can be demodulated with tbi second receiver 33 E^rrT*^ . bm *™ ,h , 4 ^ ^SA^ has to be 

when two threshold A, and A, are predetennined to appro- If? 6 * 4 H £ rada,s * ! * c antenna I 2 of * e ^ 

priate values. At FIG. 10, the minimum distance between 43 * ^T 1 * e traDsmttln g * *e equation is 

two signal points in the first segment of the signal point exprcssed as: 

group 91 is A, and AJ2A l is established as compared with 10 

the distance 2A, of 4 PSK. Then, as A,=A„ the distance rM&K*-DW 

becomes 14 This explains that the signal receiving sensitiv- _ . . .. , , , . 

ity has to be two toes greater forT same em? rtte and J^^oa between r 3 and n of a 64 QAM signal is also 

four times greater for the same signal level For having a ^ m £«ffi/*?T ° f ^ 13 ' 

four times greater value of sensitivity, the radius r 3 of the 1* * " undcrstood *** ^ si « nal P 0 ^ assignment shown in 

antenna 32 of the second receiver 33 has to be two times Ha 12 aUows mc rccdver 33 10 denwdulate only 

greater man the radius r, of the antenna 22 of the first tooArit patterns of 4 PSK data. Hence, it is desired for 

receiver 23 thus satisfying t^h v For example, the antenna having compatibility between the first, second, and third 

32 of the second receiver 33 is 60 cm diameter when the receivers that the second receiver 33 is arranged capable of 

antenna 22 of the first receiver 23 is 30 cm. In this manner, 20 ^naxiulating a modified 16 QAM form from the 64 QAM 

the second data stream representing the high frequency modulated signal. 

component of an HDTV will be carried on a signal channel The compatibility between the three discrete receivers can 

and demodulated successfully. As the second receiver 33 be implemented by three-level grouping of signal points, as 

intercepts the second data stream or a higher data signal, its illustrated in FIG. 14 . The description will be made referring 

owner can enjoy a return of high investment Hence, the ^ to the first quadrant in which the first signal point group 

second receiver 33 of a high price may be accepted. As the segment 91 represents me two-bit pattern 11 of the first data 

minimum energy for transmission of 4 PSK data is stream. 

rredetermined, uw ratio n 16 of modified 16 APSK transmit- in particular, a first sub segment 181 in the first signal 

^XZr^^ PO*tgroupsegn*nt91isas 

^bS^t^d l ^n^r*^" 33 ^ a 30 the second data stream. Equal* a second 182,7mW 1*3, 

U £Sr n ^ tr^Zt rV^'A va * fourth sub segment 184 arc assigned 01, 00, andlOof 

signal point distance suited for modified 16 QAM intercep- 22™ , , ; . * . , . , 

tion is A^, the signal point distance for 4 PSK wterception The sjgnal po^ aU«amon of me third data stream wiD 
is 2A lt and me sigiial point distance ratio is AJ2ATtbe 35 be explained referring to the vector diagram of FIG. 15 
antenna radius r 2 is determined as shown in HO 1L in . ch ^ ows < l uadraM * M shown » four signal 

which the curve 101 represents the relation between the ***** 213 represent the two-bil pattern of 11, 

transmitting energy ratio n 16 andtte of the antenna ^iM^ ™ ^; 210 ' ^i"^^ 01 ' m f 

22 of the second receiver 23 points 203, 2t7, 211, 215 represent 00, and signal points 

Also, the point 102 mdicates transmission of common 16 «> ^ ^tlT^^ 10 * 

QAM at the equal distance signal state mode where the Pattois of the tfiird data stream can be transmitted sepa- 
traiisrmtting energy is nine times greater and thus will no T^L ^j* d f 000 ^ oata streams. In other words, 
morebepracticaLAsapparentfrcffi the . *f ** mc *ff«rent signal levels can be 

antenna radius r 2 of the second receiver 23 cannot be ^f 01 *** respectively. 

reduced further even if n l6 is increased mere than 5 times. 45 M ^^^J^ Pf^t invention permits not only 
The transmitting energy at the satellite is limited to a tam ^ S ? 0n ^ six_bl1 ^ata but also interception of three, 
small value and thus, n 16 preferably stays not more than 5 5^ * nd 1 &ix4nt ' ^ acat * kn « m 

timesthcvawe,asoenotcdbyt^ IX The ttcir . rc ^ ectlvc whflc conipatibility 

point 104 within the hatching area 103 indicates, for "^ins between three levels. 

example, that the antenna radius r 2 of a two times greater 50 The ajmal paint aUocaUon for providing compatibility 

value is matched with a 4xvalue of the UaiismMng «^ bctwc ? ^ Jf** dcscribcd 

Also, the point 105 represents that the transmission enow ^ ^f* 0 * 1 . ^ A !~ A *> *» for ^wing 

should be doubled when r 2 is about Sxgreatcr. Those values ^^^ a ^ toI ^ Cmc ^^ strca ^ 

are all within a feasible range U B nccdcd to s ^ )acc ^ ^ si « Iial P 0 ^ ***** each other 

The value of n l6 not greater than 5xvahie is expressed » ?L /i^f"^^ mc ^ s 0 *™* 1 ^ 
using A x and A^ as: ^ 182, 183, 184, of the second data stream shown in FIG. 15 

can be distinguished from the signal point 91 shown in FIG. 

Hence, A^ 1.23 A^ FIG. 15 shows that they are spaced by 2/3A 2 . In this case, 

If the distance between any two signal point group 60 106 distance between the two signal points 201 and 202 in 

segments shown in FIG. 10 is 2A(4) and the ma-rimn^ the first sub segment 181 is The transmitting energy 

amplitude is 2A(16), A(4) and A(16)-A(4) are proportional needed for signal interception with the third receiver 43 is 

to A t and A, respectively. Hence, (A(16)) 2 S5(A(14)) 2 is now c alculated If the radius of the antenna 32 is r 3 and the 

established. needed transmitting energy is times the 4 PSK transmit- 

The action of a modified 64 ASPK transmission will be 65 ^8 energy, the equation is expressed as: 
described as the third receiver 43 can perform 64-state QAM 

demodulation. ^iir.rV-i) 
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This relation is also denoted by the curve 221 in FIG. 16. For the error rate. Referring to FIG. 26, the demodulated signal 

example, if the transmitting energy is 6 or 9 times greater from the second data stream reproducing unit 233 may be 

than that for 4 PSK transmission at the point 223 or 222, the fed back to the demodulation controller 231 to change the 

antenna 32 having a radius of 8x or oxvalue respectively can shift factor A 1 /A 2 in a direction to increase the error rate. By 

intercept the first, second, and third data streams for 3 this arrangement, the third receiver 43 may not demodulate 

demodulation. As the signal point distance of the second the shift factor A 1 /A 2 , so that the circuit construction can be 

data stream is close to 2/3 A 2 > the relation between r t and r 3 simplified. Further, the transmitter may not transmit the shift 

is expressed by: factor A x /A 2 , so that the transmission capacity can be 

increased. This technique can be applied also to the second 

/i'^drV-l) 10 receiver 33. 

Therefore, the antenna 32 of the second receiver 33 has to ™ ^^iT-'T ^Tl^ 

. 1{tt . L t • ^ tt , . oc . _ . . «. gtnwm allocations for the C-CDM signal points, wherein signal 

be a little bit increased inraoius as denoted by the curve 213. . . ^^polar coordinate direction 

As understood, while the first and second data streams are J? m^V,^ 

« *^« t j^ ft<1 i eof ji; tA ^i^h ™™„m~ „ 8)- The previously described C-CDM is characterized in 

T^^t^t^^t^L^ ZZ^Ll 15 tha me sigM potato are shifted in the rectangular coordi- 

ZLT^SSr^^t^tSr^ZiZ ^direction, Le. XV direction; therefore it is referred to a* 

f^^^t^L^t %£LTt rectangular coordinate system C-CDM. Meanwhile, this 

need of modification of the same and thus, both the com- ^Z^tSTr!^ 

parity ^^advancement wffl nighty beensured «*> ^ »hows*e signal allocation of 8PS-APSK 

The signal receiving action of the second receiver 33 wfll 4 . *7 *VV1T "° J~ 

first be (Escribed. As compared with the first receiver 23 Z^J^S£,S, rf t£22 

arranged for intmxptionwSh a small radius r, antenna and each of 4 QPSK signals in the radius r dtrechon of the polar 

■uigmiu *T! , )< i~r^T™. coordinate system. In this mann er, the APSK of polar 

de modulatio n of * ps* modulated »»«?■"■» digital »j»imu. *u ™ ~" , , , t*"^ 

1,1 ~~ „ . , , ~s»» 25 coordinate system C-CDM having 8 signal points is 

transmitter 51 or the first data stream of the signal of the } ° rtJ^l"^ : . * ° JSrT . , 

transmitter 1, the second rccdver 33 is adopted fa£rfeclly ^^^^2^ 

demodulating th C 16 signal state twevbit dak, shown in FIG. » T^^tX^T, 

10, or second data snSrnof the 16 QAM signal from the ™ ™L ff?*! ft j 8 . ref ? re< ? to M f™?? 1 P 01 *"*^ Le 

ttana^^^tn^toT^ dWi^^ SP "^ m ^, ab ^^SS r In . ^ C °° (di ^ 

data stream can be^odulated. THe ranolerwecn Al and » J^^jJ^.^K^ 

A, is however different in the two transmitters. The two » j^f^^}"^" 

different daU are loaded to . demodulation controller 231 of JtXWf £fa£Sl5? r£^> ^K^jSS 

ZK^^SXK? " amount of Tuu^a 1-t* subcfiannel lis o^iaed in 

*~7~ yVf^ " * a M . ^ addition to a 2-bit subchannel 1 identical with the QPSK. 

The block diagram of the second receiver 33 in FIG. 21 ^ x ^ uu ~ . v , 

i, ^Tbaskc^^oD^^f^fim receiver 23 ^^f^ consteUaton dugramof 

m™ nC^.^hedSn«Ttt^ &e «di^ oTme n0 - J 4 *'/**!'?* ******* "TT^I^t' 

Z^^^L^^T^^^nS^ws "£ ^^.•i"! (r 0 +S l r 0+ Vo.e ? ), can be added by 

S » to SnTS ^ 40 lifting *e eight signal poifis (r^, A. 6^ in the 

involving a abater signal pointd^^< 1 3Lor ZS^T'TZ 5££ to°S££ 
35 of me second 16^^33^ contains a first 232 and t 1 /^ t J Ub ^T el ^obtained " d i l? faIC f , to " 
Z^^.»T^ir™«lw!r^-rSrt { - ^ZTtTrt,. APSK which provides the 2-bit subchannel 1, 1-bit sub- 
second data stream reproducing unit 233 in addition to the . „ , _ «_!T * a.m.. k do adcv 

demodulation controUer^L There is provided a first * Mmd h *"? 1 f it ? ubchan f l ,f ^^t}^*^ 

.7 , . , *~ uu ""~ *f~^ • ~~ ■ . . 45 disposes the signal points on the lines of 6=W-(2n+l)7i. it 

djscriminationAcnroductioi] circuit 134 for AM demodula- Jjz!rjr . . VI., , 

Z!T<rf ^it?uZu rf^Ti. n-^-^TtZ* allows the ordinary QPSK receiver explained with reference 

Hon of modified 16 QAM signals. As understood, each nQ 19 to reproduce the canio- wave to donodulate me 

SrSSS^KSS ^b< i iai U leT^it although the second subcHannd 

^t^o^O^nu^^Je^S ca^be der^lu^ As de^ above, theC^CDM 

; JT^~l \l uuoouw«» voiuw ol* voum j^q^j^ of ghiftuiff the signal points in the polar coordinate 

depending on the transmitting energy of a transmitter since , 77. F ~ u> m .J^Tl V^^T^ 

. , . ' " tt , TV, direction is useful in expanding the capacity of information 

the transmitting siimal of the embodiment is a modified 16 . . . . ^^r^ . , 

t~ , " . 1 *v " " , data transmission while assuring compatibility to the PSK, 

QAM rigid. When the it^Jhteshold is TH 16 , it is CS ^T^ the S icce^er, a^Treceiver fcTtte 

determined by, as shown in FIG. 22: r^UatelHte broadcast service. Therefore, without losing 

THtf+AftAjTftAx+A^ 55 the first generation viewers of the satellite broadcast service 

based on the PSK, the broadcast service will advance to a 

The various data for demodulation including A l and A? or second generation stage wherein the APSK will be used to 

TH 16 , and the value m for multiple-bit modulation are also increase transmittable information amount by use of the 

transmitted from the transmitter 1 as carried in the first data multi-level modulation while maintaining compatibility, 

stream. The demodulation controller 231 may be arranged 60 In FIG. 25(6), the signal points are allocated on the lines 

for recovering such demodulation data through statistic of &=n/8. With this arrangement, the 16 PSK signal points 

process of the received signal. are reduced or limited to 12 signal points, i.e. 3 signal points 

A way of determining the shift factor AJA^ will be in each quadrant With this limitation, these three signal 

described with reference to FIG. 26. A change of the shift points in each quadrant are roughly regarded as one signal 

factor At/Aj causes a change of the threshold value. Increase 65 point for 4 QPSK signals. Therefore, this enables the QPSK 

of a difference of a value of A l /A 3 set at the receiver side receiver to reproduce the first subchannel in the same 

from a value of A/A^ set at the transmitter side will increase manner as in the previous embodiment. 



5,802,241 

21 22 

More specifically, the signal points are disposed on the lation data retrieved by the first data stream reproducing unit 

lilies of e=Jl/4, 6=Jt/4-Htf8, and 6=n/4-ji/8. In other words, 232 is transferred to the demodulation controller 231. If m 

the added signals are offset by an amount ±6 in the angular is 4 or 2 at Step 3*3, the demodulation controller 231 

direction of the polar coordinate system from the QPSK triggers demodulation of4PSK or 2 PSKatStep 313. If not, 

signals disposed on the lines of 6=rc/4. Since all the signals 5 the procedure moves to Step 310. At Step 305, two threshold 

are in the range of 6=n/4±n/8, they can be regarded as one values TH„ and TH,« are calculated. The threshold value 

of QPSK signal points on the line of 6=ji/4. Although the THie for AM demodulation is fed at Step 3M from the 

error rate is lowered a little bit in this case, the QPSK demodulation controller 231 to both the first 13d and the 

receiver 23 shown in FIG. 19 can discriminate these points second discrimination/reproduction circuit 137. Hence, 

as four signal points angularly allocated. Thus, 2-bit data can to demodulation rf modified 16 QAM signal and repro- 

be reproduced. ' auction of the second data stream can be carried out at Steps 

In case of the angular shift C-CDM. if signal points are 307 I 0 ' 315 , ^^I^l^ 3M ' ? ror ^ is 

*rt -star ir^ - nta TT^f° D S?»a2r taurasttatp313for 

^SSL'SS^t^J^ % " e IT * SSaTpoints 85, 83, are aligned 

^Zf^^f.l t. Jf C *Z U onalmeatanangleofcos(a»?a^whfleMand86«off 

ments. If the signal points are not disposed on the hues of ^ ^ ^^7^ of a ^ 

K/n, the earner wave can be reproduced by transmitting ^ wa ^amfi^ SielSd dSi Setm 

several earner infccmauonw^ a predetermined period in reproducing unit 233 to a carrier rej^S circuit 

me same manner as in ctter^nbodiment cixtod out so thTno carrier neeSTbe^S at toe 

Assurning^^^ between two signal points of (he * timing of the signal a£i86 

QPSK or 8-SP-APSK is 28,, in the polar coordinate system ^? tm^JEri u^ZZtl^r.^, 

and a first angular shift factor is PI, two signal pointt ft* J??, Ji SSSL *J?£?J??? 

fi+PA^nnrT/v a p a \ 2^ C7j.mk i. signals at intervals of a given time with the first data stream 

gf TV ™ (r <» i e <>> » by ■» for the purpose of compensation for no demodulation of the 

QPSK signal point in the angular 9 direction bv an amount /.Tl , _ " . . . 

i « nri: J™ T*. , ^ second data stream. The carrier timing signal enables to 

,60. Tbus the number of signal points is doubled Thus, 23 ideotil y toe sisnal £, and g5 of ^ &st datTstoam 

me 1-Wt subchannel 3 can be added and is referred to as «ZZ!T^lS. ^* * T!. . 

8-SP-PSK of Ml. If eight signal points are further added *Z?Z !i£Z%£T • """i^ fST 

by shifting the S^P-PsAnalsiX radius r ^^07 ^:^JT^*^lfT r ^ C ^^ e ^ b y 

an amount S|fe it wfll became possible to <*KS ftenansmimng earner data to the earner reprcduong cucuit 

C-CDM basal on the ingular shift in the polar coordinate cxamincd whdher m more than 64or not If It is 

^ ( ^5 5 P h l t0 ^ ^ « diown in FIG. 141, this 0^^^ * 5^ 3 u Lt^J^cTsiZx hat no emiS 

SS!; ^!^^A^^ nd "? Step 312. The 4n7point distance IH^^mo^cd 64 

eUitebroaaoa^r^ QAM signal is dUculated ftom: 
system C-CDM is inferior in that signal points in the same 

groin? cannot be uniformly spaced as shown in FIG. 142. iHwKAiW2y(<*i+Aa) 

Accordingly, utilization efficiency of electric power is wors- 40 This calculation is equivalent to that of TH l6 but its resultant 

ened. On the other hand, the rectangular coordinate system distance between signal points is smaller. 

C-CDM has good compatibility to the PSfL If me signal point distance in the first sub segment 181 is 

The system shown in FIG. 25(b) is compatible with both A 3 , the distance between the first 181 and the second sub 

the rectangular and polar coordinate systems. As the signal segment 182 is expressed by (A^-IA^. Then, the average 

points are disposed on the angular lines of the 16 PSK, they 45 distance is (A^-ZA^Aj+Aa) which is designated as d^. 

can be demodulated by the 16 PSK. Furthermore, as the When d** is smaller than T 2 which represents the signal 

signal points are divided into groups, the QPSK receiver can point discrimination capability of die second receiver 33, 

be used for demodulation. Still farmer, as the signal points any two signal points in the segment will hardly be distin - 

are also allocated to suit for the rectangular coordinate guished from each other. This judgement is executed at Step 
system, the demodulation will be performed by the so 313. Ifd^ is out of a permissive range, the procedure moves 

16-SRQAM. Consequently, the compatibility between the back to Step 313 for 4 PSK mode demodulation, ff d* is 

rectangular coordinate system C-CDM and the polar coor- within the range, the procedure advances to Step 305 for 

dinate system C-CDM can be assured in any of the QPSK, allowing the demodulation of 16 QAM at Step 3*7. Kit is 

16PSK, and 16-SRQAM. determined at Step 308 that the error rate is too high, the 

The demodu l ation controller 231 has a memory 231* for 55 procedure goes back to Step 313 for 4 PSK mode demodu- 

storing therein different threshold values (ie., the shift lation. 

factors, the number of signal points, the synchronization When the transmitter 1 supplied a modified 8 QAM signal 

roles, etc) which correspond to different channels of TV such as shown in FIG. 25(a) in which all the signal points 

broadcast When receiving one of the channels again, the are at angles of cos(27tf+n-n/4), the carrier waves of the 
values corresponding to the receiving channel will be read 60 signal are lengthened to the same phase and will thus be 

out of the memory to thereby stabilize the reception quickly. reproduced with much ease. At the time, two-bit data of the 

If the demodulation data is lost, the demodulation of the first data stream are demodulated with the 4-PSK receiver 

second data stream wfll hardly be executed This wfll be while one-bit data of the second data stream is demodulated 

explained referring to a flow chart shown in FIG. 24. with the second receiver 33 and the total of three-bit data can 

Even if the demodulation data is not available, demodu- 65 be reproduced, 

lation of the 4 PSK at Step 313 and of me first data stream The third receiver 43 will be described in more detail, 

at Step 301 can be imrdemented. At Step 302, the demodu- FIG. 26 shows a block diagram of the third receiver 43 
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similar to that of the second receiver 33 in FIG. 21. The 
difference is that a third data stream reproducing unit 234 is 
added and also, the discriminationAeproduction circuit has a 
capability of identifying eight-bit data. The antenna 42 of the 
third receiver 43 has a radius r 3 greater than r 2 thus allowing 
smaller distance state signals, e.g. 32- or 64-state QAM 
signals, to be demodulated. For demodulation of the 64 
QAM signal, the first discriinination^reproduction circuit 
136 has to identify 8 digital levels of the detected signal in 
which seven different threshold levels are involved. As one 
of the threshold values is zero, three are contained in the first 
quadrant 

FIG. 27 shows a space diagram of the signal in which the 
first quadrant contains three different threshold values. 

As shown in FIG. 27, when the three normalized thresh- 
old values are THl tf4 ,TH2 64 , andTTB^, they are expressed 
by: 



10 



15 



and 



Through AM demodulation of a phase detected signal 
using the three threshold values, the third data stream can be 
reproduced like the first and second data stream explained 
with FIG. 21. The third data stream contains e.g. four signal 
points 2#1, 202, 203, 204 at the first sub segment 181 shown 
in FIG. 23 which represent 4 values of two-bit pattern. 
Hence, six digits or modified 64 QAM signals can be 
demodulated 

The demodulation controller 231 detects the value m, A l? 
As, and A 3 from the demodulation data contained in the first 
data stream demodulated at the first data stream reproducing 
unit 232 and calculates the three threshold values THl^, 
TH2 &if and TIB** which are then fed to the first 136 and the 
second discri mi nation/reproduction circuit 137 so that the 
modified 64 QAM signal is demodulated with certainty. 



QAM signal with the use of a 4 PSK receiver. However, a 
common 4 PSK receiver rarely reconstructs carrier waves, 
thus failing to perform a correct demodulation. For 
compensation, some arrangements are necessary at both the 
transmitter and receiver sides. 

Two techniques for the compensation are provided 
according to the present invention. A first technique relates 
to transmission of signal points aligned at angles of (2n-l) 
rc/4 at intervals of a given time. A second technique offers 
transmission of signal points arranged at intervals of an 
angle of mc/S. 

According to the first technique, the eight signal points 
including S3 and 85 are aligned at angles of fl/4, 3n/4, 5n/4, 
and 7ti/4, as shown in FIG. 38. In action, at least one of the 
eight signal points is transmitted during sync time slot 
periods 452, 453, 454, 455 arranged at equal intervals of a 
time in a time slot gap 451 shown in the time chart of FIG. 
38. Any desired signal points are transmitted during the 
other time slots. The transmitter 1 is also arranged to assign 
a data for the time slot interval to the sync timing data region 
499 of a sync data block, as shown in FIG. 4L 

The content of a transmitting signal will be explained in 
more detail referring to FIG. 41. The time slot group 451 
containing the sync time slots 452, 453, 454, 455 represents 
25 a unit data stream or block 491 carrying a data of Dn. 
The sync time slots in the signal are arranged at equal 
intervals of a given time determined by the time slot interval 
or sync tuning data. Hence, when the arrangement of the 
sync time slots is detected, reproduction of carrier waves 
30 will be executed slot by slot through extracting the sync 
timing data from their respective time slots. Such a sync 
timing data S is contained in a sync block 493 accompanied 
at the front end of a data frame 492, which consists of a 
number of the sync time slots denoted by the hatching in 
FIG. 41. Accordingly, the data to be extracted for carrier 
wave reproduction are increased, thus allowing the 4 PSK 
receiver to reproduce desired carrier waves at higher accu- 
racy and efficiency. 
The sync block 493 comprises sync data regions 496, 497, 



20 



35 



Also, if the demodulation data have been scrambled, the 40 498, containing sync data SI, S2, S3, respectively 



modified 64 QAM signal can be demodulated only with a 
specific or subscriber receiver. FIG. 28 is a flow chart 
showing the action of the demodulation controller 231 for 
modified 64 QAM signals. The difference from the flow 
chart for demodulation of 16 QAM shown in FIG. 24 will be 
explained. The procedure moves from Step 304 to Step 320 
where it is examined whether m=32 or not If m=32, 
demodulation of 32 QAM signals is executed at Step 322. If 
not, the procedure moves to Step 321 where it is examined 



which include unique words and demodulation data, The 
phase sync signal assignment region 499 is accompanied at 
the end of the sync block 493, which holds a data of Ij- 
including information about interval arrangement and 
45 assignment of the sync time slots. 

The signal point data in the phase sync time slot has a 
particular phase and can thus be reproduced by the 4 PSK 
receiver. Accordingly, ^in the phase sync signal assignment 
region 499 can be retrieved without error thus ensuring the 



whether m=64 or not If yes, A 3 is examined at Step 323. If so reproduction of carrier waves at accuracy. 



A 3 is smaller than a predetermined value, the procedure 
moves to Step 305 and the same sequence as of FIG. 24 is 
implemented If it is judged at Step 323 that A3 is not smaller 
than the predetermined value, the procedure goes to Step 
324 where the threshold values arc calculated At Step 325, 
the calculated threshold values are fed to the first and second 
djsori minan on/reprodQction circuits and at Step 326, the 
demodulation of the modified 64 QAM signal is carried out 
Then, the first, second, and third data streams are reproduced 
at Step 327. At Step 328, the error rate is examined. If the 
error rate is high, the procedure moves to Step 305 where the 
16 QAM demodulation is repeated and if low, the demodu- 
lation of the 64 QAM is continued. 

The action of carrier wave reproduction needed for execu- 
tion of a satisfactory demodulating procedure will now be 
described The scope of the present invention includes 
reproduction of the first data stream of a modified 16 or 64 



As shown in FIG. 41, the sync block 493 is followed by 
a demodulation data block 501 which contains demodula- 
tion data about threshold voltages needed for demodulation 
of the modified multiple-hit QAM signal. This data is 
35 essential for demodulation of the multiple-bit QAM signal 
and may preferably be contained in a region 502 which is a 
part of the sync block 493 for ease of retrieval 

FIG. 42 shows the assignment of signal data for trans- 
mission of burst form signals through a TDMA method 
60 The assignment is distinguished from that of FIG. 41 by 
the fact that a guard period 521 is inserted between any two 
adjacent Dn data blocks 491, 491 for interruption of the 
signal transmission. Also, each data block 491 is accompa- 
nied at front end a sync region 522 thus forming a data block 
65 492. During the sync region 522, the signal points at a phase 
of (2n-l)n/4 are only transmitted Accordingly, the carrier 
wave reproduction will be feasible with the 4 PSK receiver. 
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More specifically, the sync signal and carrier waves can be reproducing circuit shown in FIG. 43, an extracting timing 
reproduced through the TDMA method. controller circuit 543 performs sampling of signal points 

The earner wave reproduction of the first receiver 23 contained in the hatching areas of FIG. 39. Accordingly, the 
shown in FIG. 19 will be explained in more detail referring carrier wave of a 16 or 64 QAM signal can be reproduced 
to FIGS. 43 and 44. As shown in FIG. 43, an input signal is 5 with the 4 PSK demodulator of the first receiver 23. 
fed through the input unit 24 to a sync detector circuit 541 The reproduction of a carrier wave by loxfrequency 
where it is sync detected. A demodulated signal from the multiplication will be explained. The transmitter 1 shown in 
sync detector 541 is transferred to an output circuit 542 for FIG. 1 is arranged to modulate and transmit a modified 16 
reproduction of the fimdato stream. Adataof thephasesync QAM signal with assignment of its signal points at nn/8 
signal assignment data region 499 (shown in FIG. 41) is 10 phase as shown in FIG. 46. At the first receiver 23 shown in 
retrieved with an extracting timing controller circuit 543 so FIG. 19, the carrier wave can be reproduced with its COS- 
mat the tuning of sync signals of (2n-l)*/4 data can be TAS carrier reproduction controller circuit containing a 
acknowledged and transferred as a phase sync control pulse 16xmuMplier circuit 661 shown in FIG. 48. The signal 
561 shown m FIG. 44 to a carrier reproctoction controlling points at each mV8 phase shown in FIG. 46 are processed at 
circuit 544. Also, the demodulated signal of the sync detec- is the first quadrant b the action of the 16xmidtrplicr circuit 
tar circuit 541 is fed to a frequency multiplier circuit 545 661, whereby the carrier will be reproduced by the combi- 
where it is 4xmultiplied prior to transrmtted to the carrier nation of a loop filter 546 and a VCO 541. Also, the absolute 
rc P roduction controlling circuit 544. The resultant signal phase may be determined from 16 different phases by 
denoted by 562 in FIG. 44 contains a true phase data 563 and assigning a unique word to the sync region, 
other data. As illustrated in a time chart 564 of FIG. 44, the 20 The arrangement of the 16xmultiplicr circuit wfll be 
phase sync time slots 452 carrying the (2n-l)n/4 data are explained referring to FIG. 48. A sum signal and a difference 
also contained at equal intervals. At the carrier reproducing signal are produced from the <VnwtnHH signal by an 
controlling circuit 544, the signal 562 is sampled by the adder circuit 662 and a subtracter circuit 663 respectively 
phase sync control pulse 561 to produce a phase sample and then, midtiplied each other by a multiplier 664 to a cos 
signal 565 which is then converted through sample-hold 25 26 signal. Also, a multiplier 665 produces a sin 2d signal 
action to a phase signal 566. The phase signal 566 of the The two signals are then rnultiplied by a multiplier 666 to a 
carrier reproduction controlling circuit 544 is fed across a sin 46 signal 

loop filter 546 to a VCO 547 where its relevant carrier wave Similarly, a sin 86 signal is produced from the two, sin 29 
is reproduced. The reproduced carrier is then sent to the sync and cos 26, signals by the combination of an adVler crrcuit 
detector circuit 541. 30 667, a subtracter circuit 668, and a multiplier 670. 

In this manner, the signal point data erf the (2n- 1)71/4 furthermore, a sin 166 signal is produced by the combina- 
phase denoted by the shaded areas in FIG. 39 is recovered tion of an adder circuit 671, a subtracter circuit 672, and a 
and utilized so that a correct carrier multiplier 673. Then, the 16xmnltiplication is cornpleted 

by 4x or loxfrequency mumpUcation. Although a plurality Through the foregoing loxnnritiplication, the carrier 
of phases arc reproduced at the time, the absolute phases of 35 wave of all the signal points of the modified 16 QAM signal 
the carrier can be successfully be identified with the used of shown in FIG. 46 wfll successfully be reproduced without 
a unique word assigned to the sync region 496 shown in FIG. extracting particular signal points. 

However, reproduction of the carrier wave of the modified 

For transmission of a modified 64 QAM signal such as 64 QAM signal shown in FIG. 47 can involve an increase in 
shown in FIG. 43, signal points in the phase sync areas 471 40 the error rate due to dislocation of some signal points tram 
at the (2n-l)n/4 phase denoted by the hatching are assigned the sync areas 471. 

to the sy nc time slots 452, 452*, etc Its carrier can hardly Two techniques are known for compensation for the 
be reproduced with a common 4 PSK receiver but success- consequences. One is inhibiting transmission of the signal 
folly with the first receiver 23 of 4 PSK mode provided with points dislocated from the sync areas. This causes the total 
the carrier reproducing circuit of the embodiment 45 amount of transmitted data to be reduced but allows the 

The foregoing carrier reproducing circuit is of CQSTAS arrangement to be facilitated. The other is providing the sync 
type. A earner reproducing circuit of reverse modulation time slots as described in FIG. 38. In more particular, the 
type will now be expl a in ed acco r ding to the embodiment. signal points in the mV8 sync phase areas, eg. 471 and 471a, 

FIG. 45 shows a reverse modulation type carrier repro- are transrmtted during the period of the corresponding sync 
during circuit according to the present invention, in which 50 time slots in the time slot group 451. This triggers an 
a received signal is fed from the input unit 24 to a sync accurate synchronizing action during the period thus mini- 
detector circuit 541 for producing a demodulated signal. mizing phase error. 

Alro,theinpirt8igiudisdda^ As now understood, the loxmultiplicarion allows the 

to a delay signal. The delay signal is men transferred to a simple 4 PSK receiver to reproduce the carrier wave of a 
quadrature phase mandator circuit 592 where it is reverse 55 modified 16 or 64 QAM signal. Also, the insertion of the 
demodulated by the demodulated signal from the sync sync time slots causes the phasic accuracy to be increased 
detector circuit 541 to a carrier signal The carrier signal is during the reproduction of carrier waves from a modified 64 
fed through a carrier reproduction controller circuit 544 to a QAM signal 

phase comparator 593. A carrier wave produced by a VCO As set forth above, the signal transmission system of the 
547 is delayed by a second delay circus 60 present invention is capable of traiismitting a plurality of 

which is also fed to the phase comparator 593. At the phase data on a single carrier wave simultaneously in the multiple 
comparator 594, the reverse demodulated carrier signal is signal level 

connwed in phase with the delay signal thus producing a More specifically, three different level receivers which 
phase difference signal The phase difference signal sent have discrete characteristics of signal intercepting sensitiv- 
uirough a loop filter 546 to the VCO 547 which in turn 65 ity and derncrfulating capability are provided in relation to 
produces a carrier wave arranged in phase with the received one single transmitter so that any one of them can be 
carrier wave. In the same manner as of the COSTAS carrier selected amending on a wanted data size to be demodulated 
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which is proportional to the price. When the first receiver of C/N rate is d at minimum, three components D l 2t D 3 ., and 

low resolution quality and low price is acquired together D 2 . 2 cannot be reproduced while D M is reproduced If C/N 

with a small antenna, its owner can intercept and reproduce is Dot less than c, D t . 2 can also be reproduced Equally, when 

the first data stream of a transmission signal. When the C/N is b, D 2 l is reproduced and when C/N is a, D 2 . 2 is 

second receiver of medium resolution quality and medium 5 reproduced As the C/N rate increases, the reproducible 

price is acquired together with a medium antenna, its owner signal levels are increased in number. The lower the C/N, the 

can intercept and reproduce both the first and second data fewer the reproducible signal levels. This will be explained 

streams of the signal. When the third receiver of high in the form of relation between transmitting distance and 

resolution quality and high mice is acquired with a large reproducible C/N value referring to FIG* 86. In common, the 

antenna, its owner can intercept and reproduce all the first, C/N value of a received signal Is decreased in proportion to 

second and third data streams of the signal. the distance of transmission as expressed by the real line 861 

If the first receiver is a home-use digital satellite broadcast in FIG. 86. It is now assumed that the distance from a 

receiver of low price, it will overwhelmingly be welcome by transmitter antenna to a receiver antenna is La when C/N=a, 

a majority of viewers. The second receiver accompanied Lb when C/N=b, Lc when C/N=c t Ld when C/N=d, and Le 

with the medium antenna costs more and will be accepted by when C/N=c If the distance from the transmitter antenna is 

not common viewers but particular people who want to 15 greater than Ld, can be reproduced as shown in FIG. 85 

enjoy HDTV services. The third receiver accompanied with where the receivable area 862 is denoted by the hatching. In 

the Urge antenna at least before the satellite output is other words, can be reproduced within a most extended 

increased is not appropriate for home use and wOl possibly area. Similarly, D t _ 2 can be reproduced in an area 863 when 

be used in relevant industries. For example, the third data the distance is not more than Lc In this area 863 containing 

stream carrying super HDTV signals is transmitted via a 20 the area 862, D U1 can with no doubt be reproduced. In a 

satellite to subscriber cinemas which can thus play video small area 854, D 2 .j can be reproduced and in a smallest area 

tapes rather than traditional movie films and run movies 865, D 2 . 2 can be reproduced. As understood, the different 

business at low cost data levels of a channel can be reproduced corresponding to 

When the present invention is applied to a TV signal degrees of declination in the C/N rate. The logic multi-level 

transmission service, three different quality pictures are 25 arrangement of the signal transmission system of the present 

carried on one signal channel wave and will offer compat- invention can provide the same effect as of a traditional 

ibiliry with each other. Although the first embodiment refers analogue transmission system in which the amount of 

to a 4 PSK, a modified 8 QAM, a modified 16 QAM, and a receivable data is gradually lowered as the C/N rate 

modified 64 QAM signal, other signals will also be decreases. 

employed with equal success including a 32 QAM, a 256 30 The construction of the logic multi-level arrangement will 

QAM, an 8 PSK, a 16 PSK, a 32 PSK signal. It would be be described in which there are provided two physical levels 

understood that the present invention is not limited to a and two logic levels. FIG. 87 is a block diagram of a 

satellite transmission system and will be applied to a ter- transmitter 1 which is substantially identical In construction 

restrial communications system or a cable transmission to that shown in FIG. 2 and described previously in the first 

system. Furthermore, the present invention will be applied to 33 embodiment and will no further be explained in detail. Hie 

the 4- or 8- value ASK signals shown in FIGS. 58, 68(a) and only difference is that error correction code encoders are 

68(b). added as abbreviated to EOC encoders. The divider circuit 3 

Embodiment 2 has four outputs 1-1, 1-2, 2-1, and 2-2 through which four 

A second embodiment of the present invention is featured signals Dj.,, D A _ 2 , D^, and D 2 _ 2 divided from an input 

in which the physical multi-level arrangement of the first 40 signal are delivered. The two signals D,^ and D l 2 are fed 

embodiment is divided into small levels through eg. dis- to two, main and sub, EOC encoders 872a, 873a of a first 

crimination in error correction capability, thus forming a EOC encoder 871a respectively for converting to error 

logic multi-level construction. In the first embodiment, each correction code forms. 

multi-level channel has different levels in the electric signal The main EOC encoder 872a has a higher error correction 

amplitude or physical demodulating capability. The second 45 capability than that of the sub ECC encoder 873a. Hence, 

embodiment offers different levels in the logic reproduction D 1 . 1 can be reproduced at a lower rate of C/N than D 1 . 2 as 

capability such as error correction. For example, the data Dj apparent from the CN-levd diagram of FIG. 85. More 

in a multi-levd channel is divided into two, D l-t and V U2 , particularly, the logic level of D w is less affected by 

components and D 1 . 1 Is more increased In the error correc- declination of the C/N man that of D 1-2 . After error ccffrcc- 

tion capability than D t _ 2 for d iscriminatio n. Accordingly, as 50 tion code encoding, D ul and D^ 2 are summed by a summer 

the error detection and correction capability is different 874a to a D x signal which is then transferred to die modu- 

between D w and D 4 _ 2 at demodulation, D l . l can success- later 4. The other two signals D 2 . t and D 2 _ 2 of the divider 

fully be reproduced within a given error rate when the C/N circuit 3 are error ccaxection encoded by two, main and sub, 

level of an original darimntting signal is so low as to disable EOC encoders 8726, 8736 of a second ECC encoder 8716 

the reproduction of D^. This will be impiernerited using the 55 respectively and then, summed by a summer 8746 to a D 2 

logic muni-level arrangement signal which is transmitted to the mod ulator 4. The main 

More specifically, the logic muni-level arrangement con- EOC encoder 8726 is higher in the error correction capa- 

aists of dividing data of a modulated multi-level channel and bility than the sub ECC encoder 8736. The modulator 4 in 

discriminating distances between error correction codes by turn produces from the two, D x and D 2 , input signals a 

mixing error correction codes with product codes for vary- 60 multi-level modulated signal which is further transmitted 

ing error correction capability. Hence, a more multi-level from the transmitter unit 5. As understood, the output signal 

signal can be transmitted. from the transmitter 1 has two physical levels D a and D a and 

In fact, a D t channel is divided into two sub channels D UI also, four logic levels D w , D^, D 2 . lf and Dj_ 2 based on the 

and D 1>2 and a D 2 channel is divided into two sub channels two physical levels for providing different error correction 

and D^* 65 capabilities. 

This will be explained in more detail referring to FIG- 87 The reception of such a multi-level signal will be 

in which D, _ t is reproduced from a lowest C/N signal. If the explained. PIG. 88 is a block diagram of a second receiver 
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33 which is almost identical in construction to that shown in When C/N is increased in? to c at the point 885c, D 4 . 2 
FIG. 21 and described in the first embodiment The second becomes not higher in the error rate than Eth and can be 
receiver 33 arranged for intercepting multi-level signals reproduced. At the time, D 2 .j and D 2 . 3 remain in no 
from the transmitter 1 shown in FIG. 87 further comprises demodulation state. After the C/N rate is increased further to 
a first 876a and a second ECC decoder 8766, in which the 5 b\ the D 2 signal becomes ready to be demodulated, 
demodulation of QAM, or any of ASK, PSK, and FSK if When C/N is increased to b at the point 8856, D 21 of the 
desired, is executed. D 2 signal becomes not higher in the error rate than Eth and 

As shown in FIG. 88, a receiver signal is demodulated by can be reproduced. At the time, the error rate of D 2 . 2 remains 
the demodulator 35 to the two, D 1 and D 2 , signals which are higher than Eth and will not be reproduced. When C/N is 
then fed to two dividers 3a and 3b respectively where they 10 increased up to a at the point 885a, D 2 2 becomes not higher 
are divided into four logic levels D^, D,.* D^, and D 2 . 2 . than Eth and can be reproduced 

The four signals are transferred to the first 876a and the As described above, the four different signal logic levels 
second ECC decoder 8766 in which D Ul is error corrected divided from two, D t and D 2 , physical levels through 
by a main ECC decoder 877a, D t .j by a sub ECC decoder discrimination of the error correction capability between the 
878a, D 2 _! by a main ECC decoder 877fc, D 2 . 2 by a sub ECC is levels, can be transmitted simultaneously, 
decoder 878fr before all sent to the summer 37. At the Using the logic multi-level arrangement of the present 
summer 37, the four, D lA , D^, D 2 _i, and D 2 . 2 , error invention in accompany with a multi-level construction in 
corrected signals are summed to a signal which is then which at least a part of the original signal is reproduced even 
delivered from the output unit 36. if data in a higher level is lost, digital signal transmission 

Since and D 2 . x are higher in the error correction 20 will successfully be executed without losing the advanta- 
capabflity than D x . 2 and D >2 respectively, the error rate geous effect of an analogue signal transrnissioo in which 
remains less than a given value although C/N is fairly low transmitting data is gradually decreased as the C/N rate 
as shown in FIG. 85 and thus, an original signal will be becomes low. 

reproduced successfully. Thanks to up-to-data image data compression techniques, 

The action of discri m i n ating the error correction capabfl- 25 compressed image data can be transmitted in the logic 
ity between the main ECC decoders 877a, 877fc having high multi-level arrangement for enabling a receiver station to 
code gain and the sub ECC decoders 878a, 8786 having low reproduce a higher quality image than that of an analogue 
code gain will now be described in more detail. It is a good system and also, with not sharply but at steps declining the 
idea for having a difference in the error correction capability signal level for ensuring signal interception in a wider area, 
(ie. code gain) to use in the sub ECC decoder a common 30 The present invention can provide an extra effect of the 
coding technique, eg. Reed-Solomon (FIG. 1 65(b)) or BCH multi-layer arrangement which is hardly implemented by a 
method, having a standard code distance and in the main known digital signal transmission system without deterio- 
ECC decoder, another encoding technique in which the rating high quality image data. Furthermore, the ECC 
distance between correction codes is increased using Reed- encoder 743a having high code gain of FIGS. 88, 133, 17* 
Solomon codes, their product codes, or other long-length 35 and 172 transmits, as high priority data D w , the data most 
codes, or Trellis decoders 744p, 744g and 744r shown in important for image expansion of HDTV signal, such as 
FIGS. 128(d), 128(e) and 128(f). A variety of known tech- address data of image segment d*f ft i reference image data in 
mques for increasing the error correction code distance have the image compression, scramble release data of the 
been introduced and will no more explained. The present descrambler of FIG. 66, and frame sync signal. Meanwhile, 
invention can be associated with any known technique for 40 the ECC decoder 758 of high code gain in the receiver 43 
having the logic multi-level arrangement Furthermore, as receives this data. According to this method, even if the error 
illustrated in FIGS. 160 and 167, it will be preferable to rate of a signal is increased due to deterioration of the C/N 
provide an interleaver 744* in a transmitter and provide ratio, the error rate of the high priority data D w does no 
deinterleavers 759*, 9366 in a receiver, and interleave using increase so much. Therefore, it becomes possible to avoid a 
an interleave table 954 of FIG. 168(a), and decode in a 45 fatal rupture of image peculiar to the digital video signal, 
deinterleaver RAM 936r in the deintericaver 936b, thereby and an effect of graceful degradation is obtained. The 
realizing a signal transmission robust against the burst error modulator 749 and the demodulator 760 of FIGS. 133 and 
in the transmission system and therefore stabilizing images. 170 can bring the effect of graceful degradation to previ- 
The logic multi4evel arrangement wfll be explained in ously described 16QAM, 32QAM, 4VSB of FIG. 57, 8VSB 
conjunction with a diagram of FIG. 89 showing the relation 50 of FIG. 68, and 8PSK. 

between C/N and error rate after error correction. As shown, Furmermore, as illustrated in FIGS. 133 and 156, the high 
the straight line 881 represents D l t at the C/N and error rate priority data can be error-encoded with high code gain using 
relation and the Hue 882 represents D 1-2 at same. the ECC encoder 744a and the Trellis encoder 7446 in the 

As the C/N rate of an input signal decreases, me error rate 2nd data stream input 744. On the other hand, the low 
increases after error correction. If C/N is lower than a given 55 priority data can be error-encoded with low code gain using 
value, the error rate exceeds a reference value Eth deter- only the ECC encoder 743a. Thus, it becomes possible in the 
mined by the system design standards and no original data signal reception to greatly differentiate the error rate 
will normally be reconstructed. When C/N is lowered to less between the high priority data and the low priority data, 
than e, the D x signal fails to be reproduced as expressed by Therefore, the high priority data can be received even in the 
the line 881 of D^mHG.89. Whene^C/Ncd^D,^ of the « event of serious deterioration of the C/N rate in the trans- 
Dj signal exhibits a higher error rate than Eth and will not mission system, This is advantageous for an automotive 
be reproduced. vehicle TV receiver or the like, whose receiving conditions 

When C/N is d at the point 8&5a*, having a higher are normally unstable and the C/N ratio is bad. Although the 
error correction capability than D x _ 2 becomes not higher in image quality is deteriorated with declining low priority 
the error rate than Eth and can be reproduced. At the time, 65 data, the high priority data can be surely reproduced, 
the error rate of remains higher than Eth after error Therefore, allocation information of pixel block is repro- 
correction and will no longer be reproduced. duced and therefore the image is reconstructed without 
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rupture, although Che reproduced image is deteriorated in the from a conventional digital transmitter 51 and when inter- 
resolution and the ON rate. Thus, the views can enjoy the ceptcd by the first receiver 23, will be converted to the video 
TV programs. output signal 426 such as a low resolution NTSCTV signal 
Embodiments The first video encoder 401 will now be explained in more 

A third embodiment of the present invention will be 5 detail referring to the block diagram of FIG. 30. An input 

described referring to the relevant drawings. video signal of super high resolution is fed through the input 

FIG. 29 is a schematic total view illustrating the third unit 403 to the divider circuit 404 where it is divided into 
embodiment in the form of a digital TV broadcasting sys- four components by sub-band coding process. In more 
tern. An input video signal 402 of super high resolution TV particular, the input video signal is separated through pass- 
image is fed to an input unit 403 of a first video encoder 40 L 10 ing a horizontal lowpass filer 451 and a horizontal highpass 
Then, the signal is divided by a divider circuit 404 into three, filter 452 of eg. QMF mode to two, low and high, horizontal 
first, second, and third, data streams which arc transmitted to frequency components which are then subsampled to a half 
a compressing circuit 405 for data compression before of their quantities by two subsampicrs 453 and 454 respec- 
furthcr delivered. tivery. The low horizontal component is filtered by a vertical 

Similarly, three other input video signals 406, 407, and is lowpass filter 455 and a vertical highpass filter 456 to a low 

408 are fed to a second 409, a third 410, and a fourth video horizontal low vertical component or U L V L signal and a low 

encoder 411 respectively which all are arranged identical in horizontal high vertical component or H^V^ signal respec- 

construction to the first video encoder 401 for data com- tivery. The two, H^V^ and H^V W , signals are then sub- 

pression. sampled to a half by two subsamplers 457 and 458 re spec- 

The four first data streams from their respective encoders 20 tively and transferred to the compressing circuit 405. 

401, 409, 410, 411 are transferred to a first multiplexer 413 The high horizontal component is filtered by a vertical 

of a multiplexer 412 where they are time multiplexed by lowpass filter 459 and a vertical highpass filter 460 to a high 

TDM process to a first data stream multiplex signal which is horizontal low vertical component or H H V L signal and a 

fed to a transmitter L high horizontal high vertical component or H H V W signal 

A part or all of the four second data streams from their 25 respectively. The two, H^V^ and H^V^, signals are then 

respective encoders 401, 409, 410, 411 are transferred to a subsampled to a half by two subsamplers 461 and 462 

second multiplexer 414 of the multiplexer 412 where they respectively and transferred to the compressing circuit 405. 

are time multiplexed to a second data stream multiplex H^V^ signal is preferably DCT compressed by a first 

signal which is then fed to the transmitter 1. Also, a part or compressor 471 of the compressing circuit 405 and fed to a 

all of the four third data streams are transferred to a third 30 first output 472 as the first data stream, 

multiplexer 415 where they are time multiplexed to a third Also, H L V H signal is compressed by a second compressor 

data stream multiplex signal which is then fed to the 473 and fed to a second output 464. H^V^ signal is 

transmitter 1. compressed by a third coirnxessor 463 and fed to the second 

The transmitter 1 performs modulation of the three data output 464. 

stream signals with its modulator 4 fay the same manner as 35 H w V tf signal is divided by a divider 465 into two, high 

described in the first embodiment The modulated signals are resolution (H H V H 1) and super high resolution (H^V^), 

sent from a transmitter unit 5 through an antenna 6 and an video signals which are then transferred to the second output 

uplink 7 to a transponder 12 of a satellite 10 which in turn 464 and a third output 468 respectively, 

transmits it to three different receivers including a first The first video decoder 421 will now be explained in more 

receiver 23. 40 detail referring to FIG. 31. The first data stream or D t signal 

The modulated signal transmitted through a downlink 21 of the first lecefver 23 is fed through an input unit 501 to a 

is intercepted by a small antenna 22 having a radius r t and descrambkr 502 of the first video decoder 421 where it is 

fed to a first data stream reproducing unit 232 of the first descrambled. The descrambled D x signal is expanded by an 

receiver 23 where its first data stream only is demodulated expander 503 to H L V L which is then fed to an aspect ratio 

The demodulated first data stream is then converted by a first 45 ponging circuit 504. Thus, H^V^ signal can be delivered 

video decoder 421 to a traditional 425 or wide-picture NTSC through an output unit 505 as a standard 500, letterbox 

or video output signal 426 of low image resolution. format 507, wide-screen 508, or sidepanel format NTSC 

Also, the modulated signal transmitted through a down- signal 509. The scanning format may be of non-interiace or 

link 31 is intercepted by a medium antenna 32 having a interlace type and its NTSC mode lines may be 525 or 

radius r 2 and fed to a first 232 and a second data stream 50 doubled to 1050 by double tracing. When the received signal 

reproducing unit 233 of a second receiver 33 where its first from the digital transmitter 51 is a digital TV signal of 4 PSK 

and second data streams are demodulated respectively. Hie mode, it can also be converted by the first receiver 23 and 

demodulated first and second data streams are then summed the first video decoder 421 to a TV picture. The second video 

and converted by a second video decoder 422 to an HDTV decoder 422 will be explained in more detail referring to the 

or video output signal 427 of high image resolution and/or 55 block diagram of HO. 32. The D t signal of the second 

to the video output signals 425 and 426. receiver 33 is fed through a first input 521 to a first expander 

Also, the modulated signal transmuted through a down- 522 for data expansion and then, transferred to an oversam- 

link 41 is intercepted by a large antenna 42 having a radius pier 523 where it is sampled at 2x. The oversampled signal 

r 3 and fed to a first 232, a second 233, and a U^ data stream is filtered by a vertical lowpass filter 524 to H^V^. Also, the 

reproducing unit 234 of a third receiver 43 where its first, 60 D 3 signal of the second receiver 33 is fed through a second 

second, and third data streams are demodulated respectively. input 530 to a divider 531 where it is divided into three 

The de m o dul a t ed first, second, and third data streams are components which are then transferred to a second 532, a 

then summed and converted by a third video decoder 423 to third 533, and a fourth expander 534 respectively for data 

a super HDTV or video output signal 428 of super high expansion. The three expanded components are sampled at 

image resolution for use in a video theater or cinema. The 65 2x by three oversamplers 535, 536, 537 and filtered by a 

video output signals 425, 426, and 427 can also be repro- vertical highpass 538, a vertical lowpass 539, and a vertical 

ducedif desired A common digital TV signal is transmitted high-pass filter 540 respectively. Then, H L V t from the 
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vertical lowpass filter 524 and H^V^ from the vertical mitted as LI and Ml. Ml which is thus a difference data 

highpass filter 538 are summed by an adder 525, sampled by between NTSC and HDTV is assigned to two domains 602 

an oversampler 541, and filtered by a horizontal lowpass and 611 of D 2 . If 1^ is a compressed NTSC component of 
filler 542 to a low frequency horizontal video signaL H H V L 6 Mops, Ml is as two times higher as 12 Mbps. Hence, the 

from the vertical lowpass filter 539 and H W V„1 from the 5 total of LI and Ml can be demodulated at 18 Mbps with the 

vertical highpass filter 540 are summed by an adder 526, second receiver 33 and the second video decoder 423. 

sampled by an oversampler 544, and filtered by a horizontal According to current data compression techniques, HDTV 

highpass filter 545 to a high frequency horizontal video compressed signals can be reproduced at about 15 Mbps. 

signaL The two, high and low frequency, horizontal video This allows the data assignment shown in FIG. 35 to enable 

signals are then summed by an adder 543 to a high resolution 10 simultaneous reproduction of an NTSC and HDTV first 

video signal HD which is further transmitted through an channel signaL However, this assignment allows no second 

output unit 546 as a video output 547 of eg. HDTV format channel HDTV signal to be carried. S21 is a descrambling 

If desired a traditional NTSC video output can be recon- data in the HDTV signal A first channel super HDTV signal 

stracted with equal success. component comprises LI, Ml, and HI. The difference data 

FIG. 33 is a block diagram of the third video decoder 423 15 HI is assigned to three domains 603, 612, and 613 of D 3 . If 

in which the D t and D 2 signals are fed through a first 521 the NTSC signal is 6 Mbps, the super HDTV is carried at as 

and a second input 530 respectively to a high frequency band higji as 36 Mbps. When a compressed rate is increased, 

video decoder circuit 527 where they are converted to an HD super HDTV video data of about 2000 scanning line for 

signal by the same manner as above described. The D 3 signal reproduction of a cinema size picture for commercial use 

is fed through a third input 551 to a super high frequency 20 can be transmitted with an equal manner, 

band video decoder circuit 552 where it is expanded, FIG. 36 shows a further data assignment in which HI of 

descrarnbled, and composed to H^V^ signaL The HD a super HDTV signal is assigned to six times domains. If a 

signal of the high frequency band video decoder circuit 527 NTSC compressed signal is 6 Mbps, this assignment can 

and the H H V^ signal of the super high frequency band carry as nine times higher as 54 Mbps of D 3 data, 

video decoder circuit 552 are summed by a summer 553 to 25 Accordingly, super HDTV data of higher picture quality can 

a super high resolution TV or S-HD signal which is men be transmitted. 

delivered through an output unit 554 as a super resolution The foregoing data assignment mates the use of one of 

video output 555. two, horizontal and vertical, polarization planes of a trans- 

The action of multiplexing in the multiplexer 412 shown mission wave. When both the horizontal and vertical pdar- 

in FIG. 29 will be explained in more detail. FIG. 34 3a ization planes are used, the frequency utilization will be 

illustrates a data assignment in which the three, first, second, doubled. This will be explained below, 

and third, data streams D lt D* D 3 contain in a period of T FIG. 49 shows a data assignment in which D w and D m 

six NTSC channel data LI, U, L3, L4, L5, L6, six HDTV area vertical and a horizontal polarization signal of the first 

channel data Ml, M2, M3, M4, M5, M6 and six S-HDTV data stream respectively, D TO and D m are a vertical and a 

channel data HI, H2, H3, H4, H5, H6 respectively. In action, 35 horizontal polarization signal of the second data stream 

the NTSC or D x signal data LI to L6 are time multiplexed respectively, andD^ and D^ area vertical and a horizontal 

by TDM process during the period T. More particularly, polarization signal of the third data stream respectively. The 

h l v l °f Di is assigned to a domain 6#1 for the first channel vertical polarization signal D w of the first data stream 

Then, a difference data Ml between HDTV and NTSC or a carries a low frequency band or NTSC TV data and the 

sum of H^Vjj, H„V£, and H^V^l is assigned to a domain 40 horizontal polarization signal D m carries a high frequency 

602 for the first channel. Also, a difference data HI between band or HDTV data. When the first receiver 23 is equipped 

HDTV and super HDTV or H„V„2 (See FIG. 30) is with a vertical polarization antenna, it can reproduce only 

assigned to a domain 603 for the first channel the NTSC signaL When the first receiver 23 is equipped with 

The selection of the first channel TV signal will now be an antenna for both horizontally and vertically polarized 

described. When mtercepted by the first receiver 23 with a 45 waves, it can reproduce the HDTV signal through summing 

small antenna comled to me first video decoder 421, the first LI and Ml. More specifically, the first receiver 23 can 

channel signal is converted to a standard or widescreen provide compatibility between NTSC and HDTV with the 

NTSC TV signal as shown in FIG. 3L When intercepted by use of a particular type antenna. 

the second receiver 33 with a medium antenna coupled to the FIG. 50 illustrates a TDMA method in which each data 

second video decoder 422, the signal is converted by sum- 50 burst 721 is accompanied at front a sync data 731 and a card 

ming LI of the first data stream D x assigned to the domain data 741. Also, a frame sync data 720 is provided at the front 

601 and Ml of the second data stream D 2 assigned to the of a fame. Like channels are assigned to like time slots. For 

domain 602 to an HDTV signal of the first channel equiva- example, a first time slot 750 carries NTSC, HDTV, and 

lent in program to the NTSC signaL super HDTV data of the first channel simultaneously. The 

When intercepted by the third receiver 43 with a large 55 six time slots 750, 750a, 7506, 750c, 75«rf, 750* are 

antenna coupled to the third video decoder 423, the signal is arranged independent from each other. Hence, each station 

converted by summing LI of D t assigned to the domain 601, can offer NTSC, HDTV, and/or super HDTV services inde- 

Ml of D 3 assigned to the domain 602, and H* of D 3 assigned pendently of the other stations through selecting a particular 

to the domain 603 to a super HDTV signal of the first channel of the time slots. Also, the first receiver 23 can 
channel equivalent in program to the NTSC signaL The 60 reproduce an NTSC signal when equipped with a horizontal 

other channel signals can be reproduced in an equal manner polarization antenna and both NTSC and HDTV signals 

FIG. 35 shows another data assignment LI of a first when equipped with a compatible polarization «ntenn^ In 

channel NTSC signal is assigned to a first domain 60 L The this respect, the second receiver 33 can reproduce a super 

domain 601 which is allocated at the front end of the first HDTV at lower resolution while the third receiver 43 can 
data stream D„ also contains at front a data Sll including 65 reproduce a full super HDTV signaL According to the third 

a descrambling data and the demodulation data described in embodiment, a compatible signal transmission system will 

the first embodiment A first channel HDTV signal is trans- be constructed. It is understood that the data assignment is 
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not limited to the burst mode TDMA method shown in FIG. 

50 and another method such as time division multiplexing of _ i , / nS \ 
continuous signals as shown in FIG. 49 will be employed "~ n s T effc { \f^~ J 
with equal success. Also, a data assignment shown in FIG. 

51 will permit a HDTV signal to be reproduced at high 5 
resolution. 

As set forth above, the compatible digital TV signal 
transmission system of the third embodiment can offer three, 2 / 3-„ a \ 

super HDTV, HDTV, and conventional NTSC, TV broadcast p ™ ""S'^v'iMT T) 

services simultaneously. In addition, a video signal inter- 10 

cepted by a commercial station or cinema can be electron- , / | ^ 
ized. =4 \| -%t ~" 
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The modified QAM of the embodiments is now termed as 
SRQAM and its error rate will be examined. 

First, the error rate in 16 SRQAM will be calculated FIG. 15 Ml shows the relation between error rate Pe and 

99 shows a vector diagram of 1 6 SRQAM signal points. As ON rate in transmission in which the curve 900 represents 
apparent from the first quadrant, the 16 signal points of * conventional or not modified 32 QAM signaL The straight 
standard 16 QAM including 83a, 836, 84a, 83a are allocated line 905 represents a signal having 10" of the enor rate, 
at equal intervals of 26 The curve 901a represents a level 32 SRQAM signal of 

•pZ C1 . , . c * m . |t T • ori ^ » the present invention at the shift rate n of 1.5. As shown, the 

The ^gnal point &3a is spaced 8 from both the I-axis and 20 axrteof the 32 SRQAM sigpd is 5 dB low* at the*™ 
the Q*xis of the c^dinate- ft is now assumed tot n is a ^ ^ 10 -i3 ^ ^ of tnTconventional 32 QAM. This 
shift value of the 16 SRQAM. In 16 SRQAM, the signal means ^ mc ^^00 allows a D, signal to be 

point 83a of 16 QAM is shifted to a signal point 83 where reproduced at a given error rate when its C/N rate is 
the distance from each axis is no. The shift value n is thus relatively low. 

expressed as: 23 The ouvc 902a represents a D 2 level SRQAM signal at 

n=1.5 which can be reproduced at the error rate of 1(T 1J5 
04*3 only when its C/N rate is 2.5 dB higher than that of the 

conventional 32 QAM of the curve 900. Also, the curves 
The other signal points 84a and 86a are also siriftedtotwo 9*14 ^ 9026 represent D x and D 2 SRQAM signals at 
points 84 and 86 respectively. 30 „=2.0 respectively. The curves 902c represents a D 2 

If the error rate of the first data stream is Pe lt it is obtained SRQAM signal at n=2.5. It is apparent that the C/N rate of 
from: the SRQAM signal at the error rate of 1(T 1J is 5 dB, 8 dB, 

and 10 dB higher at n=1.5, 2.0, and 2-5 respectively in the 
P ^_ u c 1 yfcf "& \ , ^/ 35 \ D x level and 2^ dB lower in the D 2 level than that of a 

4 vr \ \ 20 ) 35 common 32 QAM signaL 

Shown in FIG. 103 is the C/N rate of the first and second 
data streams D 1( D 2 of a 32 SRQAM signal which is needed 
for maintaining a constant error rate against variation of the 
shift n. As apparent, when the shift n is more than 0.8, there 
40 is developed a dear difference between two C/N rates of 
Also, the error rate Btj of the second data stream is obtained their respective X) l and D 2 levels so that the multi-level 
from: signal, namely first and second data, transmission can be 

implemented successfully. In brief, n>0.85 is essential far 
3 ~« 5 \ multi-level data transmission of the 32 SRQAM signal of the 
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M 2c / FIG. 102 shows me relation between the C/N rate and the 

1 / 3-n \r— \ error rate for 16 SRQAM signals. The curve 900 represents 

("—=====" Np j a common 16 QAM signaL The curves 90 la, 9016, 901c and 

9+** / D t level or first data stream 16 SRQAM signals at n=L2, 

50 1.5, and 1.8 respectively. The curves 902a, 9026, 902c are 

The error rate of 36 or 32 SRQAM will be calculated. D 2 level or second data stream 16 SRQAM signals at n=1.2, 

FIG. 100 is a vector diagram of a 36 SRQAM signal in 1.5, and 1.8 respectively. 

which the distance between any two 36 QAM signal points The C/N rate of the first and second data streams D lv D 2 

is 28. of a 16 SRQAM signal is shown in FIG. 104, which is 

The signal point 83a of 36 QAM is spaced 5 from each 55 nrfAeA for maintaining a constant wmr rat* against wn'^" 

axis of the coordinate. It is now assumed that n is a shift of the shift n. As apparent, when the shift n is more than 0.9 

value of the 16 SRQAM. In 36 SRQAM, the signal point (u>Q.9\ the multi-level data transmission of the 16 SRQAM 

83a is shifted to a signal point 83 where the distance from signal will be executed. 

each axis is n£. Similarly, the nine 36 QAM signal points in One example of propagation of SRQAM signals of the 

the first quadrant are shifted to points 83, 84, 85, 86, 97, 98, 60 present invention will now be described for use with a digital 

99, 100, 101 respectively. If a signal point group 90 com- TV terrestrial broadcast service, FIG. 105 shows the relation 

prising the nine signal points is regarded as a single signal between the signal level and the distance between a trans- 

point, the error rate Pe! in reproduction of only the first data milter *ntmn» and a receiver antenna in the terrestrial broad 

stream D x with a modified 4 PSK receiver and the error rate cast service. The curve 911 represents a transmitted signal 

V*2 in reproduction of the second data stream D 3 after 65 from the transmitter antenna of 1250 feet high. It is assumed 

discriminating the nine signal points of the group 90 from that the error rate essential for reproduction of an applicable 

each other, are obtained respectively from: digital TV signal is 10" 1 5 . The hatching area 912 represents 
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a noise interruption. The point 91t represents a signal Also, the HDTV service can be appreciated by only a few 
reception limit of a conventional 32 QAM signal at C/N=15 viewers who afford to have a set of high cost HDTV receiver 
dB where the distance L is 60 miles and a digital HDTV and display, according to the conventional system The 
signal can be intercepted at minimum . system of the present invention allows a traditional NTSC, 

^ The C/N rate varies 5 dB under a worse receiving con- 5 PAL, or SECAM receiver to intercept a medium resolution 
dition such as bad weather. If a change in the relevant component of the digital HDTV signal with the use of an 
condition, e.g. weather, attenuates the C/N rate, the inter- additional digital tuner. A majority of TV viewers can hence 
ception of an HDTV signal will hardly be ensured Also, enjoy the service at less cost and will be increased in 
geographical conditions largely affect the propagation of number. This will encourage the TV broadcast business and 
signals and a decrease of about 10 dB at least will be io create an extra social benefit. 

unavoidable. Hence, successful signal interception within 60 Furthermore, the signal receivable area for medium rcso- 
nifleswiU never be guaranteed and above all, a digital signal lution or NTSC TV service according to the present inven- 
wfll be propagated harder than an analogue signal. It would uon is increased about 36% at 0=2.5, as compared with the 
be understood that the service area of a conventional digital conventional system. As the service area thus the number of 
TV broadcast service is less dependable. 15 TV viewers is increased, the TV broadcast business enjoys 

In case of the 32 SRQAM signal of the present invention, an increasing profit This reduces a risk in the development 
three-level signal transmission system is constituted as of a new digital TV business which wfll thus be encouraged 
shown in FIGS. 133 and 137. This permits a low resolution to put into practice. 

NTSC signal of MPEG level to be carried on the 1-1 data FIG. 107 shows the service area of a 32 SRQAM signal 

stream D,. lf a medium resolution TV data of e.g. NTSC 20 of the present invention in which the same effect will be 

system to be earned on the 1-2 data stream D^, and a high ensured at n=1.8. Two service areas 7#3a, 7t36 of D. and D 2 

frequency component of HDTV data to be carried on the signals respectively can be detennined in extension for 

second data stream D 2 . Accordingly, the service area of (he optimum signal propagation by varying the shift n consid- 

1-2 data stream of the SRQAM signal is increased to a 70 ering a profile of HDTV and NTSC receiver distribution or 

mile point 91ta while of the second data stream remains 25 geographical features. Accordingly, TV viewers will satisfy 

within a 55 mfle point 91«>, as shown in FIG. 105. FIG. 10* the service and a supplier station will enjoy a niaximum of 

illustrates a computer simulation result of the service area of viewers. 

the 32 SRQAM signal of the present invention, which is This advantage is given when- 

similar to FIG. 53 but explains in more detail As shown, the 

regions 708, 703c, 703a, 7036, 712 represent a conventional 30 " >1 -° 

32 QAM receivable area, a 1-1 data level D, , receivable „ ^ A . 

area, a 1-2 data level D 1 . 2 receivable area, a second data ?T*l"f 32 Q * * C iUft 11 * 

level D 2 receivable area, and a service area of a neighbor dctomincd 

analogue TV station respectively. The conventional 32 

QAM signal data used in this drawing is based on a 35 i<k3 

conventionally disclosed one. 

For common 32 QAM signal, the 60-mile-raaius service Mso ^ tf &c 16 SRQAM signal is employed, n is determined 
area can be established meccctically. The signal level will °Y : 
however be attenuated by geographical or weather condi- x< ~ 
tions and particularly, considerably declined at near the limit 40 

of tfaei service area. In the SRQAM mode signal terrestrial broadcast service 

If the low frequency band TV component of MFEG1 in which the first and second data levels are created by 
grade is carried on the 1-1 level D w data and the medium shifting corresponding signal points as shown in FIGS 99 
frequency band TV component off NTSC grade on the 1-2 and 100, the advantage of the present invention will be given 
level D l . 2 data and high frequency band TV component of 43 when the shift n in a 16, 32, or 64 SRQAM signal is more 
HDTV on the second level T> 2 data, the service area of the than 1.0. 

32 SRQAM signal of the present invention is increased by In the above embodiments, the low and high frequency 
10 miles in radius for reception of an EDTV signal of band components of a video signal are transmitted as the first 
medium resolution grade and 18 miles for reception of an and second data streams. However, the transmitted signal 
LDTV signal of low resolution grade although decreased by so maybe an audio signaL In this case, low frequency or low 
5 miles for reception of an HDTV signal of higfr resolution resolution components of an audio signal may be transmitted 
grade, as shown in FIG. 106. FIG. 107 shows a service area as the first data stream, and high frequency or high resohi- 
in case of a shift factor n or s=1.8. FIG. 135 shows the tion components of the audio signal may be transmitted as 
service area of FIG. 107 in terms of area. the second data stream. Accordingly, it is possible to receive 

^ More particularly, me medium resolution cc*nponent of a 55 high C/N portion in high sound quality, and low C/N portion 
digital TV broadcast signal of the SRQAM mode of the in low sound quality. This can be utilized in PCM broadcast, 
preset invention can successfully be intercepted in an unfa- radio, portable telephone and (he like. In this case, the 
vorable service region or shadow area where a conventional broadcasting area or communication distance can be 
medium frequency band TV signal is hardly propagated and expanded as compared with the conventional systems, 
attenuated due to obstacles. Within at least the predeter- 60 Furmcrmore, the third erm 

nnned service area, the NTSC TV signal of the SRQAM division niiiltiplexing (TDM) system as shown in FIG. 133. 
mode can be mtercepted by any traditional TV receiver. As Utilization of the TDM makes it possible to increase the 
the shadow or signal attenuating area developed by building number of subchannels. An ECC encoder 745a and ECC 
structures and other obstacles or by interference of a neigh- encoder 7436, provided in two subchannels, differentiate 
bar analogue TV signal or produced in a low land is 65 ECC code gains so as to make a difference between thresh- 
oecreased to a mi ni m u m, TV viewers or subscribers wOl be olds of these two subchannels. Whereby, an increase of 
increased in number. channel number of the multi-level signal transmission can be 
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realized. Id this case, it is also possible to provide two Trellis amount as shaded in the drawing, cannot be received in such 

encoders 743a, 7436 as shown in FIG. 137 and differentiate a case and only the first signal 720a, having a small 

their code gains. The explanation of this block diagram is information amount, is received. Consequently, a picture 

substantially identical to that of later described block dia- quality brought by the second level will be extremely worse, 

gram of FIG. 131 which shows the sixth embodiment of the s However, the present invention resolves this problem, 

present invention and, therefore, will not be described here. According to the present invention, the first signal 720 is 

FIG. 131 is a block diagram showing a magnetic given by 32 SRQAM mode which is obtained through 

recording/reproducing apparatus, while FIG. 137 is a block C-CDM modulation so mat the subchannel A is divided into 

diagram showing a communication system. It will be under- two subchannels 1 of A and 2 of A. The newly added 

stood that these block diagrams are identical with each other 10 subchannel 1 of A, having a lowest threshold value, carries 

if the up converter of the transmitter and the down converter a low resolution component. The second signal 721 is also 

of the receiver in the communication system are replaced by given by 32 SRQAM mode, and a threshold value for the 

the magnetic head recording signal amplifier circuit and the subchannel 1 of B is equalized with the threshold 2. 

magnetic head reproducing signal amplifier circuit In the With this arrangement, the region in which a transmitted 

magnetic record/reproducing apparatus. Accordingly, con- 15 signal is not received when the signal level decreases below 

sanction and operation of the modulator and the demodu- the threshold 2 is reduced to a shaded portion of the second 

later arc equivalent between these two diagrams. In the same signal 721a in FIG. 108. As the subchannel 1 of B and the 

manner, the magnetic reccramg/reproducing system of FIG. subchannel A are both receivable, the transmission amount 

84 is substantially identical with the communication system is not so much reduced in totai Accordingly, a better picture 

of FIG. 156. The circuit of FIG. 157 will be used if 20 quality is reproduced even in the second level at the signal 

simplification of construction is required, and the circuit of level of the threshold 2. 

FIG. 158 will be used if the simplification is further By transmitting a normal resolution component in one 

requested. subchannel, it becomes possible to increase the number of 

In a simulation of FIG. 106, there is provided 5 dB multiple level and expand a low resolution service area. This 

difference of a coding gain between 1-1 subchannel and 25 low-threshold subchannel is utilized for transmitting impor- 

1-2 subchannel tant information such as sound information, sync 

An SRQAM is the system applying a C-CDM information, headers of respective data, because these infor- 

(Constellation-Code Division Multiplex) of the present mation earned on mis low-threshold subchannel can be 

invention to a rectangie-QAM. A C-CDM, which is a surely received. Thus stable reception is feasible. If a 

multiplexing method independent of TDM or FDM, can 30 subchannel is newly added in the second signal 721 in the 

obtain subchannels by dividing a constellation-code cone- same manner, the level number of multi-level transmission 

sponding to a code. An increase of the number of codes will can be increased in the service area. In the case where an 

bring an expansion of transmission capacity, which is not HDTV signal has 1050 scanning lines, an new service area 

attained by TDM or FDM alone, while maintaining almost equivalent to 775 lines can be provided in addition to 525 

perfect compatibility with conventional communication 35 lines. 

apparatus. Thus C-CDM can bring excellent effects. Accordingly, the combination of the FDM and the 

Although above embodiment combines the C-CDM and C-CDM realizes an increase of service area. A above 

the TDM, it is also possible to combine the C-CDM with the embodiment divides a subchannel into two, it is needless to 

FDM (Frequency Division Multiplex) to obtain similar say it will also be preferable to divide it into three or more, 

modulation effect of threshold values. Such a system can be 40 Next, a method of avoiding obstruction by combining the 

used for a TV broadcasting, and FIG. 108 shows a frequency TDM and the C-CDM will be explained. As shown in FIG. 

distribution of a TV signal A spectrum 725 represents a 109, an analogue TV signal includes a horizontal retrace line 

frequency distribution of a conventional analogue, eg. portion 732 and a video signal portion 731. This method 

NTSC, broadcasting signal The largest signal is a video utilizes a low signal level of the horizontal retrace line 

carrier 722 A color carrier 723 and a sound carrier 724 are 45 portion 732 and non-display of obstruction on a picture 

not so large. There is known a method of using an FDM for plane during this period. By synchronizing a digital TV 

dividing a digital broadcasting signal into two frequencies. signal with an analogue TV signal, horizontal retrace line 

In this case, a carrier is divided into a first carrier 726 and sync slots 733, 733a of the horizontal retrace line portion 

a second cairier 727 to transmit a first 720 and a second 732 can be used for transmission of an important, eg. a sync, 

signal 721 respectively. An interference can be lowered by 50 signal or numerous data at a high output level. Thus, it 

placing first and second carriers 726, 727 sufficiently far becomes possible to increase data amount ox output level 

from the video carrier 722. The first signal 720 serves to without increasing obstruction. The similar effect will be 

transmit a low resolution TV signal at a large output level, expected even if vertical retrace line sync slots 737, 737a are 

while the second signal 721 serves to transmit a high provided synchronously with vertical retrace line portions 

resolution TV signal at a small output level. Consequently, 55 735, 735a. 

the multi-level signal transmission making use of an FDM FIG. 110 shows a principle of the C-CDM. Furthermore, 

can be realized without being bothered by obstruction. FIG. Ill shows a code assignment of the C-CDM equivalent 

FIG. 134 shows an example of a conventional method to an expanded 16 QAM FIG. 112 shows a code assignment 

using a 32 QAM system. As the subchannel A has a larger of the C-CDM equivalent to an expanded 32 QAM. As 

output than the subchannel B, a threshold value for the 60 shown in FIGS. 110 and 111, a 256 QAM signal is divided 

subchannel A, Le. a threshold 1, can be set small 4~5 dB man into four, 740a, 7406, 740c, 7404, levels which have 4, 16, 

a threshold value for the subchannel B, Le. a threshold 2. 64, 256 segments, respectively. A signal code word 7424 of 

Accordingly, a two-level broadcasting having 4*5 dB thresh- 256 QAM on the fourth level 7404 is "1111 UU" of 8 bit 

old difference can be realized In this case, however, a large This is split into four code words 741a, 7416, 741c, and 

reduction of signal reception amount will occur if the 65 7414 of 2-bit - - - Le. M 11 H , 44 ll", "ll w , M 1P, which are then 

receiving signal level decreases below the threshold 2. allocated on signal point regions 742a, 7426, 742c, 7424 of 

Because the second signal 721a, having a large information first, second, third, fourth levels 740a, 7406, 740c, 7404, 



5,802,241 

41 42 

respectively. As a result, subchannels 1, 2, 3, 4 of 2 hit are a receiver is located far from the transmitter, the level of a 

created. This is termed as C-CDM (Constellation-Code received signal is low. Particularly, a common multi-level 

Division Multiplex). FIG. Ill shows a detailed code assign- QAM signal can hardly be demodulated by the receiver 

ment of the C-CDM equivalent to expanded 16 QAM , and which thus reproduces no TV program. 

FIG. 112 shows a detailed code assignment of the C-CDM 5 The signal transmission system of the present invention 

equivalent to expanded 32 QAM. As the C-CDM is an allows the first receiver 23 equipped with the antenna 22a, 

independent multiplexing method, it can be combined with which is located at a far distance as shown in FIG. 37, to 

the conventional FDM (Frequency Division Multiplex) or intercept a modified 16 or 64 QAM signal and demodulate 

TDM (Time Division Multiplex) to further increase the at 4 PSK mode the first data stream or D A component of the 

number of subchannels. In this manner, the C-CDM method 10 received signal to an NTSC video signal so that a TV 

realizes a novel multiplexing system. Although the C-CDM program picture of medium resolution can be displayed even 

is explained by using rectangle QAM, other modulation tf mc lcvcl me rcccivc<J ^H 0 * 1 " relatively low. 

system having signal points, e.g. QAM, PSK, ASK, and Also ' mc sccond receiver 33 with the antenna 32a is 

even FSK if frequency regions are regarded as signal points located * a medium distance from the antenna 6a and can 

can be also used for this multiplexing in the samTmanher „ mu* interce^ and oemo^ 

For example, the error rate of the subchannel 1 of 8PS- streams or D, and D 2 components of the modified 16 or 64 

APSK^Xned in the ^n^LS ^ae^H^™^^ which in turn 

FIG. 139, will be expressed as follow: t^SK^ 42. is locked at a 

(near distance and can intercept and demodulate the first, 

W \ 20 second, and third data streams or D ly D* and D 3 compo- 

\f7 c I nents of the modified 16 or 64 QAM signal to a super HDTV 
video signal which in turn produces a super HDTV picture 

The error rate of me subchannel 2 is expressed as follows: * .to a common movie picture. 

^wwosiuuows. The assignment of frequencies is determined by the same 

(_ c v 23 manner as of the time division multiplexing shown in FIGS. 

34, 35, and 36. Ufae FIG. 34, when the frequencies are 
assigned t first to sixth channels, LI of the D t component 
carries an NTSC data of the first channel, Ml of the D2 
Furthermore, the error rate of the subchannel 1 of 16-PS- component carries an HDTV difference data of the first 
APSK (PS type), explained with reference to FIG. 142, wffl 30 channel, and HI of the D 3 component carries a super HDTV 
be expressed as follow: difference data of the first channel. Accordingly, NTSC, 

HDTV, and super HDTV data all can be carried on the same 
p t . / 8 \ 1 / (St+i# \ channel. If D 2 and D 3 of the other channels are utilized as 

** V7 a J + T*^l a r shown in FIGS. 35 and 36, more data of HDTV and super 

v ' 35 HDTV respectively can be transmitted for higher resolution 

1 ^/ gi+fg \ 1 A (Si+tn+l* \ 

8 ~\rr l + T — \rr J As understood, the system allows three different but 

\ 0 I \ 0 / compatible digital TV signals to be carried on a single 

channel or using D 2 and D 3 regions of other channels. Also, 
The error rate of the subchannel 2 is expressed as follows: 40 the medium resolution TV picture data of each channel can 

be intercepted in a wider service area according to the 
iW^«*f4M + present invention. 

4 V 2o / A variety of terrestrial digital TV broadcast systems 

1 /tfi-Sb* \ /(S, + &)5 \ employing a 16 QAM HDTV signal of 6 MHz bandwidth 

T*^\ — 55 — )+-g" — 55 — J 43 have been proposed. Those arc however not compatible with 

the existing NTSC system and thus, have to be associated 

Tie oior rate of the subchannel 3 is exposed as follows- 1 '''^^^^iT?^ 8 SipUta ° f 

^ W3 the same program on another channcL Also, such a common 

{ 16 QAM signal limits a service area. The terrestrial service 

-£L) 50 system of the present invention allows a receiver located at 

' a relatively far distance to intercept successfully a wwsHi'mp 

resolution TV signal with no use of an additional device nor 

Embodiment 4 an extra channel. 

A fourth embodiment of the present invention will be FIG. 52 shows an interference region of the service area 

described referring to the relevant drawings. 55 702 of a conventional terrestrial digital HDTV broadcast 

FIG. 37 illustrates the entire arrangement of a signal station 711. As shown, the service area 702 of the conven- 

transmission system of the fourth embodiment, which is tional HDTV station 701 is intersected with the service area 

arranged for terrestrial service and similar in both construe- 712 of a neighbor analogue TV station 711. At the inter- 

tion and action to that of the third embodiment shown in secting region 713, an HDTV signal is attenuated by signal 

FIG. 29. The difference is mat the transmitter antenna 6 is 60 interference from the analogue TV station 711 and will thus 

replaced with a terrestrial antenna 6a and the receiver be intercepted with less consistency, 

antennas 22, 23, 24 are replaced with also three terrestrial FIG. 53 shows an interference region associated with the 

antennas 22a, 23a, 24a. The action of the system is identical multi-level signal transmission system of the present inven- 

to mat of the third embodiment and will no more be tion. The system is low in the energy utilization as compared 

explained. The terrestrial broadcast service unlike a satellite 65 with a conventional system and its service area 703 for 

service depends much on the distance between the trans- HDTV signal propagation is smaller man the area 702 of the 

mitter antenna 6a to the receiver antennas 22a, 32a, 42a. If conventional system. In contrary, the service area 704 for 
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digital NTSC or medium resolution TV signal propagation conventional system. However, the lower resolution or 

is larger than the conventional area 702. The level of signal NTSC TV signal receivable area 704 will be increased as 

interference from a digital TV station 701 of the system to compared with the conventional system. The hatching area 

a neighbor analogue TV station 711 is equivalent to that represents a region where the NTSC level signal of a 

from a conventional digital TV station, such as shown in 5 program can be received while the HDTV signal of the same 

FIG. 52. is hardly intercepted At the first interference region 705, 

In the service area of the digital TV station 701, there are both HDTV and NTSC signals cannot be intercepted due to 
three interference regions developed by signal interference signal interference from an analogue station 711. 
from the analogue TV station 711. Both HDTV and NTSC When the level of signals is equal, the multi-level trans- 
signals can hardly be intercepted in the first region 705. to mission system of the present invention provides a smaller 
Although fairly interfered, an NTSC signal may be inter- HDTV service area and a greater NTSC service area for 
cepted at an equal level in the second region 706 denoted by interception of an HDTV program at an NTSC signal leveL 
the left down hatching. The NTSC signal is carried on the Accordingly, the overall service area of each station is 
first data stream which can be reproduced at a relatively low increased and more viewers can enjoy its TV broadcasting 
ON rate and will thus be minimum affected when the C/N 15 service. Furthermore, HDTV/NTS C compatible TV busi- 
rate is declined by signal interference from the analogue TV ness can be operated with economical advantages and con- 
station 711. sistency. It is also intended that the level of a transmitting 

At the third region 707 denoted by the right down signal is Increased when the control on averting signal 

hatching, an HDTV signal can also be intercepted when interference to neighbor analogue TV stations is lessened 

signal interference is absent while the NTSC signal can 20 corresponding to a sharp increase in the number of home-use 

constantly be intercepted at a low level. digital receivers. Hence, the service area of HDTV signals 

Accordingly, the overall signal receivable area of the will be increased and in this respect, the two different 
system will be increased although the service area of HDTV regions for interception of HDTV/NTSC and NTSC digital 
signals becomes a little bit smaller than mat of the conven- TV signal levels respectively, shown in FIG. 55, can be 
tional system. Also, at the signal attenuating regions pro- 25 adjusted in proportion by varying the signal point distance in 
duced by interference from a neighbor analogue TV station, the first and/or second data stream. As the first data stream 
NTSC level signals of an HDTV program can successfully carries information about the signal point distance, a multi- 
be intercepted as compared with the conventional system level signal can be received with more certainty, 
where no HDTV program is viewed in the same area. The FIG. 56 illustrates signal interference between two digital 
system of the present invention much reduces the size of 30 TV stations in which a neighbor TV station 701a also 
signal attenuating area and when increases the energy of provides a-digital TV broadcast service, as compared with 
signal transmission at a transmitter or transponder station, an analogue station in FIG. 52. Since the level of a trans- 
can extend the HDTV signal service area to an equal size to mitring signal becomes high, the HDTV service or high 
the conventional system Also, NTSC level signals of a TV resolution TV signal receivable area 703 In increased to an 
program can be intercepted more or less in a far distance 35 extension equal to the service area 702 of an analogue TV 
area where no service is given by the conventional system or system. 

a signal interference area caused by an adjacent analogue TV At the intersecting region 714 between two service areas 

station. of their respective stations, the received signal can be 

Although the embodiment employs a two-level signal reproduced not to an HDTV level picture with the use of a 

transmission method, a three-level method such as shown in 40 common directional *ntrnn* due to signal interference but to 

FIG. 78 will be used with equal success. If an HDTV signal an NTSC level picture with a particular directional antenna 

is divided into three picture kvels-HDTV, NTC, and low directed towards a desired TV station. If a highly directional 

resolution NTSC, the service area shown in FIG. 53 will be antenna is used, the received signal from a target station will 

increased from two levels to three levels where the signal be reproduced to an HDTV picture. The low resolution 

propagation is extended radially and outwardly. Also, low 45 signal receivable area 704 is increased larger than the 

resolution NTSC signals can be received at an acceptable analogue TV system service area 702 and a couple of 

level at the first signal interference region 705 where NTSC intersecting regions 715, 716 developed by the two low 

signals are hardly be intercepted in the two-level system. As resolution signal receivable areas 704 and 704a of their 

understood, the signal interference is also involved from a respective digital TV stations 701 and 701a permit the 

digital TV station to an analogue TV station. 50 received signal from antenna directed one of the two stations 

The description will now be continued, provided that no to be reproduced to an NTSC level picture, 
digital TV station should cause a signal interference to any The HDTV service area of the multi-level signal trans- 
neighbor analogue TV station. According to a novel system mission system of the present invention itself will be much 
under consideration in U.S.A., no-use channels of the exist- increased when applicable signal restriction rules are will- 
ing service channels are utilized for HDTV and thus, digital 55 drawn in a coming digital TV broadcast service maturity 
signals must not interfere with analogue signals. For the time. 

purpose, the transmitting level of a digital signal has to be At the time, the system of the present invention also 

decreased lower than that shown in FIG. 53. If the digital provides as a wide HDTV signal receivable area as of the 

signal is of conventional 16 QAM or 4 PSK mode, its HDTV conventional system and particularly, allows its transmitting 

service area 70S becomes decreased as the signal interrer- 60 signal to be reproduced at an NTSC level in a further 

ence region 713 denoted by the cross hatching Is fairly large distance or intersecting areas where TV signals of the 

as shown in FIG. 54. This results in a less number of viewers conventional system are hardly intercepted. Accordingly, 

and sponsors, whereby such a digital system will have much signal attenuating or shadow regions in the service area win 

difficulty to operate for profitable business. be minimized. 

FIG. 55 shows a similar result according to the system of 65 Embodiment 5 

the present invention. As apparent, the HDTV signal receiv- A fifth embodiment of the present invention resides in 

able 703 is a little bit smaller than the equal area 708 of the amplitude modulation or ASK procedure. FIG. 57 illustrates 
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the asrignment of signalpointe of a 4-Ievel ASK signal, such FIG. 61 is a block diagram of a transmitter 741 in which 

as VSB signal, according to the fifth embodiment, in which an input unit 742 compriSs a first data s^taput W^nd 

denoted by 721 722, 723, and 724. a second date strcambput 744. A cani™ frS.££ 

riiL^/T *f COns . te ^ tion of *e lvalue VSB generator 64 is amplitude modulated by a multipiier 746 to 
l^i^ ^ , ^™^! Sa2 - bit<Utatobe 5 geacrate 4- or 8- ASK signal as shown in FIG. 62?) using 

******* m w ?> 7 de f«iH while the eight-level an input signal fed across a processor 74S from the input unit 

h^smissxon pemu*. 4-b* d^ ft is assumed that the four 74irhe Adulated 4- or l&SK ^IiSSK 

SC IW °** P 4 " 6 " 15 by " band P aSS 747 to a vestigial side band having a 

00, 01, 10, 11, respectively for 4-VSB. side band with a slight residual carrier as shown in FIG 
For case of four-level signal transmission of the to 62<b)-an ASK signal of e.g. VSB mode which is then 

embodiment, as illustrated in the signal allocation view of delivered from an output unit 748 

t nt^ ™ V ? B ° f ™ 58 toe two The waveform of tbYASK signal after filtering will now 

K'^L^' 5 8 2^ SigDa ! ^ «* ««^«L HG. 62(a) shows a frequency spectrum of the 

725 and the other Kvo 723, 724 are designated as a sccoad ASK modulated signal in which two1ideba«lsareprovided 

S^X? f-r^ *? tW ° ^ 13 ° n both sides of the carrier fre^eocy band. One of dTnvo 

h^S,T^ Tf. ^^.•tetaiBtaedwifalta.tot sidebands is eliminated with *e filter 474 to produce a 
brtween any two adjacent dgnal points. More specifically, signal 749 which contains a carrier component a/shown in 
Tl^ T^T 18 I 22 723 * H& <2 < fr >- The signal 749 is a VSBrignal and if fce 
SkT^S ^f n ?, L ,^ eCn . ,he *" D adjaCCnt mod ^<» fi^ncy band is will be Emitted in a 
points 721 and 722 or 723 and 724. This is expressed as: 20 frequency hand of aboutl^. Hence, the frequency utfliza- 

l^i tion becomes high. Using VSB mode transmission, the ASK 

lh , . , . , _ Mm1 _ signal of two bit per symbol shown in FIG. 69 can thus carry 

~^~JTZ^ ^transmission system of the in the same frequency band trie amount of data equal to that 
~ZZT. , ^ The embodiment is however of 16 QAM mode at four bits per symbol for 4 VSB or that 

not limited to Lo>L and L=L„ will be employed temporarily 25 of 32 QAM mode at five bits per symbol for 8 VSB 
or permanently depending on the requirements of design, FIG. 63 is a block diagram of a VSB receiver 751 in 

nJZ„J?Zr^;~~ ■ , .. istamsferwdthrou 8 hantop 0 tutdt7S2toamixer753where 

™ ^'^J_ n t««^^«s»«nedone-bitpattmis it is mixed with a signal from a variable oscillator 754 
l^^^LT*^ l ' " Sb ° Wn . to 5 * a >- More 30 controlled by channel selection to a lower medium fre- 
PMtocularfy, a hit 9 of binary system is assigned to the first quency signaL The signal from the mixer 753 is then 
Zfj^SS^ andanotobtfltottesecondsignal detected by . detector 755 and filtered by an LPF 756 to a 
pmnt group 72* Then, a one-tat pattern of the second data baseband signal which is transferred to a discriminating/ 
stream D, is assigned toeacb signal point For example reproduction circuit 757 having a 4-level sheer for4VSB 
Kvo signd points 721, 723 are assigned D 2 =0 and the other 35 and an 8-level dicer for 8 VSB. The disrriminrfon/ 
^0^^722 and 724 are assigned D^l.Thaic are reproduction circuit 757 reproduces two, first D. and second 
thus expressed by two bits per symbol. D 2 , data streams from the baseband signal and transmit them 

The multi-leyel signal transmission of the present inven- further through a first 758 and a seconddata stream output 
honcMbeimptementedmanASKmodewitomeuserfme 759 respectively 

foregoing signal point assignment The system of the present <o The transmission of a TV signal Uitirig sue* a transmitter 
™.i ^ same manner as of a conventional and a receiver will be explained. FIG. 64 is a block dia^am 

^T^J^^^ ** to video signal transrmtter 774 mwhid, a lughresS 

no^e ratio or C/N rate is high. If the C/N rate becomes low TV signal, e.g. an HDTV signal,* fed through inpetunh 
"dLw^f °™ . rCfff0duced ^ *• conventional 403 to a divider circuit 404 of a first video encoder 401 
Z7^, '"^.J 3 "*"? rcprodiicdon of the 45 where it is divided into four high/low frequency TV signal 

first data stream D, but not the second data stream Dj. In components denoted by ee. H,V, H V ft v \Z 
m^ d^, state at.l^misslKiwnmFia^e &n& SZZ St^JSbS. 

S ^Z^T "Jl K < 1 4 - V J SB - P 6 ^ tnentprevioasly described refening to FB3. 30 and^no 

^ * GaUSSfan ' Bstaoatk >* morebeexplainedmdetaiLT^f^scpar^TVs^^ 
£?* . »^ ^respectively at thereceiver so encoded respectively by a com ! « S sor405 usingTbiown 

^ aD i ,r " smJ ? slon difrtoo- Therefore, the DPCMDCT variable length code encoding teArtique which 
distinction between die two signals 721 and 722 by the slice fa commonly used eg.! MPEG. Me^h^e mSon 
£SL2 twos^723«d 724 Iv the sHce level 4 will compensation ofttesignaliscarriedoutatth^mputunit 
^,"^1 ^ otiier words, the error rate in the 493. The compressed signals are summed by a summer 771 
^ddata stream D 2 will be increased. As apparent from 55 to two, first and second, data streams Di D„ The low 

^LS'ZlT ^f, 721 ' 722 *e easUy distin- frequency video dgnal^ne^H^ is cT 
CUishcd firam the other two dtmai nnt'ntc nt\ hia tw- *j j - ^_ a _7a I _ _ l "ft™ *• 



_ 1 , ^ 7. * . ' J "v^u^uvj tjuw u^uai wnDoncot or it, v, sternal is coo- 

gtrished from the other two signal points 723, 724. The tinned in the first dataTtream D.. The two data stream 
diaunctton between (he two signal point groups 725 and 726 signals D„ D 2 are then transferred to a first 743 and a second 
^fTn T^^fi^ As tlie result the first data data stream input 744 of a transmitter unit 741 where they 
^^}^f^ t T > ^ eAattloWetI<rmc - 60 are amplitude modulated and summed to an ASK signal of 

i^S* ^ ^ ^ and D a can be e.g. VSB mode which is propagated fromVteSal 

transmitted simuttaneously. More particularly, both the first antenna fcr broadcast servicT 

and second data s&eams D, and D 4 of a given signal FIG. 65 is a block diagram of a TV rccdver for such a 
^T^f ^° U< ? multi - levd transmission system can digital TV broadcast system. ATV broadcast signal such as 
bereproduoed atthe area where the C/N rate is high and the 65 4 VSB or 8 VSB, intercepted by a terrestrial antenna 32a is 
frm^stre^D, only can be reproduced in me area where fed to an Input 752 of a\eceiver 781. The signal is then 
me C/N rate is tow. transferred to a VSB detocticWdemodulation circuit 769 
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where a desired channel signal is selected and demodulated level signal and will widely be accepted in the market In 

to two, first and second, data streams D v D 2 which are then brief, the receiver can be used as an adapter tuner for 

fed to a first 758 and a second data stream output 759 interception of a digital TV signal with giving no modifi- 

respectively. The action in the receiver unit 751 is similar to cation to the existing TV system including a display. By the 

that described previously and will no more be explained in 3 way, in the case where the scrambled 4 VSB or 8 VSB signal 

detail. The two data streams D 4l D 2 are sent to a divider unit is received as shown in FIG. 66, the scramble release signal 

776 in which Dj is divided by a divider 777 into two transmitted by the 4 VSB or 8 VBS signal is collated with 

components; one or compressed H,V , is transferred to a first mc ttumba ' <* desaarnble number memory 502c in the 

input 521 of a second video decoder 422 and the other is fed ^scrambler 502 by the descramble number checker 502*. 

to a summer 778 where it is summed with D 2 prior to 10 Ooly whec ilhescxambic release signal is identical* with the 

transfer to a second input 531 of the second video encoder 0llmb S of dc *?? mble n ? mbcr 

422. impressed H^K thVn se^me n^inpS l^\?J>^^* ***** 

c^=^ ^£^*£Z^ a further arrangement 

original length which is then transferred to a video mixer shown in FIG. 67, which serves as both a satellite broadcast 

548 and an aspect ratio changmg circuit m When the iiiput is receiver for demodulation of PSK signals and a terrestrial 

TV signal is an HDTV signal, H L V L represents a wide- broadcast receiver for demodulation of VSB signals. In 

screen NTSC signal. When the same is an NTSC signal, action, a PSK signal received by a satellite antenna 32 is 

HjVj. represents a lower resolution video signal, e.g. mixed by a mixer 786 with a signal from an oscillator 787 

MPEG1, that an NTSC level to alow frequency signal which is then fed through an input 

The input TV signal of the embodiment is an HDTV 20 unit 34 to a mixer 753 similar to one shown in FIG. 63. The 

signal and H L V L becomes a wide-screen OTSC signaL If the low frequency signal of PSK or QAM mode in a given 

aspect ratio of an available display is 16:9, B L V L is directly channel of the satellite TV system is transferred to a modu- 

delivered through an output unit as a 16:9 video output 426. later 35 where two data streams D x and D 2 are reproduced 

If the display has an aspect ratio of 43, H^Vj, is shifted by from the signaL D 1 and D 3 are sent through a divider 788 to 

the aspect ratio chang ing circuit 779 to a letterbox or 25 a second video decoder 422 where they are converted to a 

sidepanel format and men, delivered from the output unit video signal which is then delivered from an cutout unit 780. 

780 as a corresponding format video output 425. Mso * a di « ital 01 a*** 0 * 1 * terrestrial TV signal mtercepted 

The second data stream fed from the second data by a terrestrial antenna 32a is fed through an input unit 752 

stream output 759 to the summer 778 is summed with the £ mixer 753 ***** *Y 

output of the divider 777 to a s^ ao "tffF^i^" d f 5Ctcd f to a 

^ 1 ^^^jT^ a ^ SCmd a J?T der 5* 1 signal of digital form is then fed to a discrmiination/ 
while it is dm^totfaree cc^ressed forms of H^ rcprc <tocing circuit 757 where two data streams D, and D 2 
H H v u and HjfV^ The three compressed signals are then fed m reproduced from the signaL D 4 and D 2 are converted by 
to a second 535, a third 536, and a fourth expander 537 35 ttc second decoder 422 to a vidro signal which is then 
respectively for converting by expansion to H^ H W V^ delivered further. A sateffite analogue TV signal is trans- 
and Uf,V H of the original length. The three signals are fened to a video demodulator 788 where it is AN modulated 
summed with H^V^ by the video mixer 548 to a composite to an analogue video signal which is then delivered from the 
HDTV signal which is fed through an output 546 of the output unit 780. As understood, the mixer 753 of the TV 
second video decoder to the output unit 780. Finally, the 40 receiver 781 shown in FIG. 67 is arranged compatible 
HDTV signal is delivered from the output unit 780 as an between two, satellite and terrestrial, broadcast services. 
HDTV video signal 427. Also, a receiver circuit including a detector 755 and an LPF 

The output unit 780 is arranged for detecting an error rate 756 for AM modulation of an analogue signal can be utilized 
in the second data stream of the second data stream output compatible with a digital ASK signal of the terrestrial TV 
759 through an error rate detector 782 and if the error rate 45 service. The major part of the arrange 
is continuously high during a predetermined time, delivering is arranged for compatible use, thus minimiying a circuitry 
HrYr. °f resolution video data systematically for a construction. 

predetermined time. According to the embodiment, a 4-Ievel ASK si gnal is 

Accordingly, the multi-level signal transmission system divided into two, D 4 and level components for execution 
for digital TV signal transmission and reception becomes so of the one-bit mode multi-level signal transmission. If an 
feasible. For example, if a TV signal transmitter station is 8-kvel ASK signal — Le. 8-level VSB— is used as shown in 
near, both the first and second data streams of a received the constellation diagram of 8- VSB signal of FIGS. 68(a) 
signal can successfully be reproduced to exhibit an HDTV and 68(6), it can be transmitted in a total of three bits per 
quality picture. If the transmitter station is far, the first data symbol multi-level transmission, each bit corresponding to 
stream can be reproduced to H^V ^ which is converted to a 55 each of three-level, D lf D 2 , and D 3 , arrangement First of all, 
low resolution TV picture. Hence, any TV program will be a method of coding the first bit will be explained. As shown 
mtercepted in a wider area and displayed at a picture quality in FIG. 68(a), D t is assigned to eight signal points 721a, 
ranging from HDTV to NTSC level * 7216, 722a, 7226, 723a, 7236, 724a, 7246, each pair rep- 

FIG. 66 is a block diagram showing another arrangement resenting a two-bit pattern. Next, for coding of the second 
of the TV receiver. As shown, the receiver unit 751 contains 60 bit, D 2 is assigned to four small signal point groups 721, 722, 
only a first data stream output 768 and thus, the processing 723, 724, each two groups representing a two-bit pattern, 
of the second data stream or HDTV data is not needed so mat and D 3 is assigned to two large signal point groups 725 and 
the overall construction can be minimized It is a good idea 726 representing a two-bit pattern. More particularly, this is 
to have the first video decoder 421 shown in FIG. 31 as a equivalent to a form in which each of the four signal points 
video decoder of the receiver. Axxordingly, an NTSC level 65 721, 722, 723, 724 shown in FIG. 57 is divided into two 
picture will be reproduced. The receiver is fabricated at components thus producing three different level data at 
much less cost as having no capability to receive any HDTV most 
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The three-level signal transmission of digital HDTV signal is error expected. Thereafter, by the image expander 
signal and the like is identical to that described in the third of the image decoder 402, a digital HDTV signal is repro- 
and fourth embodirneDts and will do further be explained in duced and output 

dc * iL ^ The ECC encoder 744a, as illustrated in FIGS. 160(a) and 

Here, the effect of TV broadcast using VSB of FIG. 68 5 160(b) explained in the sixth embodiment, comprises a Reed 
will be explained. Although 8 VSB has large capacity of Solomon encoder 744/ and an interieaver 744*. The ECC 
transmitting information, its error rate is higher man that of decoder 759a coinpriscs a de Interieaver 759* and a Reed 
4 VSB with respect to the same ON value. However, for the Solomon decoder 759/ As explained in the previous 
high quality HDTV broadcast, its large transmission capac- embodiment, interleaving is effective to provide a system 
ity will allow many error correction codes, thereby lowing 10 robust against burst errors. 

the error rate and assuring the future multi-level TV broad- To lower the error rate, the code gain can be further 
_ increased by adopting the Trellis encoder shown in FIG. 

The effects of 4 VSB, 8 VSB and 16 VSB will be 128(a), 128(6), 128(c), 12*(J), 128(e) and 128tf). The 
comparatively explained In the case where the terrestrial Trellis encoder 7446 and the decoder 7596 with ratio 2/3 
broadcast service uses the frequency band of NTSC or PAL, 15 will be applicable to the 8 VSB system, as shown in FIG. 
the substantial transmission band of approximately 5 MHz 172. 

will be allowed for NTSC, because NTSC is subjected to the Hie above embodiments were explained based on the 
band limitation of 6 MHz, as shown in FIG. 136. For 4 VSB, example wherein the multi-level digital TV signal is trans- 
as its frequency utilization efficiency is 4 bit/Hz, it wfll have rnitted Although the multi-level digital TV signal realizes an 
a data transmission capacity equivalent to 5 MHzx4=20 20 ideal broadcast service, the cost will not be acceptable at the 
Mops. On the other hand, at least 15 to 18 Mbps is required initiation of the broadcast service because of compUcated 
for transmission of a digital HDTV signal. Accordingly, 4 circuits, such as image cornpression circuits and modulator/ 
VSB is insufficient in data capacity. More specifically, as demodulator circuits. As explained in the introductory part 
illustrated In FIG. 169, only 10 to 20% of the substantial of the film embodiment, to realize a TV broadcast service 
transmission cecity of the HDTV signal is used for the 25 with a simplified circuit, it will be preferable to adopt the 
error correction coding. non multi-level TV signal transmission system by equalizing 

For 8 VSB, as its frequency utilization efficiency is 6 the signal point distances of 4 VSB and 8 VSB— Le. L^Lq, 
bit/Hz, it will have a data transmission capacity equivalent and suiroliryirig me circuit ir^ 137 to FIG. 157. If the 
to 5 MHzx6=30 Mbps. As explained above, at least 15 to 18 broadcast service is sufficiently spread, grade-up to the 8 
Mbps is required for transmisdon of a digital HDTV signal 30 VSB system will be considered. 

Accordingly, as illustrated in FIG. 168, the 8 VSB modu- Besides the combination of 4 VSB and 8 VSB, the 
lation method can utilize, for the error correction coding, the combination of 16 VSB and 32 VSB wfll be explained with 
data capacity equivalent to 50% or more of the substantial reference to FIGS. 159(a) to 159(d). FIG. 159(a) shows the 
transmission capacity of the HDTV signal. Accordingly, constellation of 16 VSR FIG. 159(b) divides the signal 
under the condition that HDTV digital signals with the same 35 points into signal groups 722a to 722A, each consisting of 
data rate are transmitted for the terrestrial broadcast service two signal points, thereby realizing two-level signal trans- 
in the 6 MHz band, 8 VSB is superior to 4 VSB in allowing mission system by regarding these signal groups as eight 
a large number of error correction codes. As indicated by signal points of 8 VSB. In this case, the multi-level signal 
error rate curves 805 and 806 of FIG. 163, meTCM-8VSB transmission system will be also realized by transmitting 8 
having a high code gain for error correction shows error- 40 VSB signals intermittently using the time division rnulti- 
corxectcd error rates smaller than mose of me 4 VSB having plex. According to this method, the maximum data rate will 
a tow code gain for error correction. Therefore, compared be reduced to 2/3. FIG. 157(c) further divides the signals 
with 4 VSB, the 8 VSB with high code gain for error into four signal groups 723a to 723d, thereby allowing these 
correction can expand the service area of the terrestrial TV four signal groups to be regarded as four signal points of 4 
broadcast. The 8 VSB is disadvantageous in increase of error 45 VSB. Thus, one more level is added. In this case, the 
correcting circuits, which will result in complicatedness of multi-level signal transmission system will be also realized 
the circuit construction of a receiver. However, the VSB by transmitting 4 VSB signals intermittently using the time 
ASK system is characterized by an a mp li tu de modulation division multiplex, although the maximum data rate is 
method. Therefore, the receiver is normally equipped with reduced. In this manner, a three-level VSB is realized, 
an equalizer whose circuit scale is sinalkr than that for the 50 According to this multi-level data transrnission system, 8 
QAM method including phase components. For this reason, VSB or 4 VSB data can be reproduced even if the C/N rate 
even if the error correction circuits are added, an overall of 16 VSB is worsened. Furthermore, as illustrated in FIG. 
circuit scale of the 8 VSB system will be smaller than mat 159(d), 32 VSB signal transmission will be realized by 
of the 32 QAM system Hence, the 8 VSB system can doubling the number of the signal points of 16 VSB. IT 
provide a digital HDTV receiver having an enlarged service 55 enlargement of the capacity of 16 VSB is required in the 
area and adequate in the overall circuit scale. future, this 32 VSB signal transrnission system wffl provide 

Specific example of the error correcting system will be a data capacity up to 5 bits per symbol without losing the 
explained later. The ECC 744a and the Trellis encoder 7446, compatilnlity. 

shown in the block diagrams of a transrnitteirteceivcr of Above-described system wffl be embodied as a VSB 
FIGS. 84, 131, 137, 156 and 157, will be used. And, the VSB 60 receiver shown in FIG. 161 and a VSB transmitter shown in 
imxtolator 749 of 4 VSB, 8 VSB and 16 VSB explained with FIG. 162. Although the explanation was based on 4 VSB and 
reference to FIG. 61 will be used to transmit the signal. In 8 VSB, the signal transmission can be realized by using 16 
a receiver, the VSB demodulator 760 explained with refer- VSB as shown in FIGS. 159(a), 159(6) and 159(c), For 16 
ence to FIG. 63 will be used to reproduce a digital data from VSB, if used in the terrestrial broadcast service, the signal 
4 VSB, or 8 VSB, or 16 VSB signal using 4, or 8, or 16-levcl 65 traruonissioa capacity of 40 Mbps is obtained in the 6 MHz 
slicer 757. Then, using the Trellis decoder 759b and the ECC band. However, as the data rate of a HDTV digital corn- 
decoder 759a shown in FIGS. 84, 131, 137, 156 and 157, the pression signal is 15 to 18 Mbps when the MPEG regulation 



5,802,241 

51 52 

is adopted, the surplus of the signal transmission capacity is H^V^H are transferred to the mixer 556 where they are 

too much. Namely, as illustrated in FIG. 169, the redundance mixed to a single video signal which is then seat across the 

of R 16 is approximately 100% or more. Such a large terminal 2 of the switch 76Sd to the output unit 554 for 

redundance is not desirable for transmitting 1 -channel digi- further delivery. 

tal HDTV signaL Effect brought by this 16 VSB is not so 5 In this manner of time division processing of a three-level 

large when compared with the 8 VSB system, while the signal, two mixers can be replaced with one mixer, 

complicatedness of the circuit increases alone. To provide a More particularly, four components H^V^, H^V^, H /# V L , 

2-channel HDTV terrestrial broadcast, the redundancy of 16 H„V„ are fed to produce H^V^-H at the first timing. Then, 

VSB will be reduced to the same level as 4 VSB, which will H^V^H, H„V r H, and H^V^H are fed at the second 

not allow sufficient error correcting codes to be enter. This 10 timing delayed from the first timing and mixed with H^-H 

means that the service area is narrowed. As described to a target video signaL It is thus essential to perform the two 

previously the 4 VSB system cannot provide a wide service actions at an interval of time. 

area, because the redundance of 4 VSB is in a range of 10 If the four components are overlapped each other or 

to 20%. As apparent from FIG. 169, the 8 VSB has the supplied in a variable sequence, they have to be time-base 

redu nd a n ce of approximately 50%, which is a d equa t ely used is adjusted to a given sequence through using memories 

for error correctioD codes. The service area can be enlarged accompanied with their respective switches 765, 765a, 

without increasing the scale of error correction circuits so 765b, 765c. In the foregoing manner, a signal is transmitted 

much. Accordingly, under the condition that the digital from the transmitter at two different timing periods as shown 

HDTV terrestrial broadcast service is realized in the limited in FIG. 73 so that no time-base controlling circuit is needed 

band of 6 to 8 MHz, it is concluded that the 8 VSB system 20 in the receiver which is thus arranged more compact 

is most effective and appropriate for the VSB modulation As shown in FIG. 73, D t is the first data stream of a 

system, as apparent from FIG. 169. transmitting signal and H L V L% H^V^, Hj,V £ , and U H V H are 

In particular, the arrangement of the video encoder 401 of transmitted on T> 1 channel at the period of first timing. Then, 

the third embodiment shown in FIG. 30 is replaced with a at the period of second timing, H^V^ H W V^, and H H W H arc 

modification of which block diagram is FIG. 69. The opera- 25 transmitted on D 2 channel. As the signal is transmitted in a 

tion of the modified arrangement is similar and will no time division sequence, the encoder in the receiver can be 

longer be explained in detail. Two video signal divider arranged more simple. 

circuits 404 and 404a which may be sub-band fillers are The technique of reducing the number of the expanders in 

provided forming a divider unit 794. The divider unit 794 the decoder will now be explained. FIG. 74(b) shows a 

may also be arranged more simple a shown in the block 30 time-base assignment of four data components 810, 810a, 

diagram of FK}. 70, in which a signal passes across one 8106, 810c of a signaL When other four data components 

signal divider circuit two times at time division mode. More 811, Silo, 8114, 811c are inserted between the four data 

specifically, a video signal of e.g. HDTV or super HDTV components 811, 811a, 8116, 811c respectively, the latter 

from the input unit 403 is time-base compressed by a can be transmitted at intervals of time. In action, the second 

time-base compressor 795 and fed to the divider circuit 404 35 video decoder 422 shown in FIG. 74(a) receives the four 

where it is divided into four components, H H V^-H, H H V L - components of the first data stream Dj at a first input 521 and 

H, and H^V^H, and H^V^-H at a first cycle. At the time, transfers them through a switch 812 to an expander 503 one 

four switches 765, 765a, 7656, 765c remain turned to the after another. More particularly, the component 810 first fed 

position 1 so mat H^V^H, H^V^-H, and H^V^-H are is expanded during the feeding of the component 811 and 

transmitted to a compressing circuit 405. Meanwhile, 40 after completion of processing the component 810, the 

ll L V L -H is fed back through the terminal 1 of die switch succeeding component 810a is fed. Hence, the expander 503 

765c to the time-base compressor 795. At a second cycle, the can process a row of the components at time intervals by the 

four switches 765, 765a, 7656, 765c turned to the position same time division manner as of the mixer, thus substituting 

2 and all the four components of the divider circuit 404 are the simultaneous action of a number of expanders, 

simultaneously transferred to the compressing circuit 405. 45 FIG. 75 is a time-base assignment of data components of 

Accordingly, the divider unit 796 of FIG. 70 arranged for an HDTV signal, in which H L V^( 1) of an NTSC component 

time division processing of an input signal can be con- of the first channel signal for a TV p rogram is allocated to 

structed in a simpler dividing circuit form. a data domain 821 of D t signaL Also, H^V^, H^V^ and 

At the receiver side, such a video decoder as described in H M V W carrying HDTV additional components of the first 

the third embodiment and shown in FIG. 30 is needed for 50 channel signal are allocated to three domains 821a, 8216, 

three-level transmission of a video signaL Mare particularly, 821c of D 2 signal respectively. There are provided other data 

a third video decoder 423 is provided which contains two components 822, 822a, 8226, 822c between the data com- 

mixers 556 and 556a of different processing capability as ponents of the first channel signal which can thus be 

shown In the block diagram of FIG. 71. expanded with an expander circuit during transmission of 

Also, the third video decoder 423 may be modified in 55 the other data. Hence, all the data components of one 

which the same action is executed with one single mixer 556 channel signal will be processed by a single expander 

as shown in FIG. 72. At the first tuning, five switches 765, capable of operating at a higher speed. 

765a, 7656, 765c, 765a" remains turned to the position L Similar effects will be ensured by assignment of the data 

Hence, HjV^, H^V W , H H V L , and H^V^ are fed from a first components to other domains 821, 821a, 8216, 821c as 

522, a second 522a, a third 5226 and a fourth expander 522c 60 shown in FIG. 76. This becomes more effective in trans- 

to through their respective switches to me mixer 556 where mission and reception of a common 4 PSK or ASK signal 

they are mixed to a single video signaL The video signal having no different digital levels, 

which represents H L V r H of an input high resolution video FIG. 77 shows a time-base assignment of data compo- 

signal is then fed back through the terminal 1 of the switch nents during physical two-level transmission of three dif- 

765o* to the terminal 2 of the switch 765c. At the second 65 ferent signal level data: eg. NTSC, HDTV, and super HDTV 

timing, die four switches 765, 765a, 7656, 765c are turned or low resolution NTSC, standard resolution NTSC, and 

to the point 2. Thus, H^V^-H, H^V^-H, HjV^H, and HDTV. For example, for transmission of three data compo- 
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nents of low resolution NTSC, standard NTSC, and HDTV, of a TV signal wfll be feasible using the addition of a D 3 

the low resolution NTSC or is allocated to the data signal and a super resolution HDTV signaL 

domain 821 of Dj signaL Also, H^V*, H„V L , and H H W H of FIG. 79 illustrates a time-base assignment of data com- 

the standard NTSC component are allocated to three ponents of a physical three-level, D lt D 2 , D 3 , TV signal, in 

domains 821a, 8216, 821c respectively. HjV^H, H^-H, 5 which data components of the same channel are so arranged 

and H^V^H of the HDTV component arc allocated to as not to overlap with one another with time. FIG. 80 is a 

domains 823, 823a, and 8236 respectively. block diagram of a modified video decoder 423. similar to 

The 4 VSB or 8 VSB is associated with such a logic level FIG. 78, in which a third input 521a is added. The time-base 

arrangement based on Discrimination in the error correction assignment of data components shown in FIG. 79 also 

capability as described in the second enibodiment as shown to contributes to the simple construction of the decoder, 

in HGS. 156 and 170. More particularly, H L V L is carried on The action of the modified decoder 423 is almost identical 

D- channel of the D x signaL The D,., channel is higher in to mat shown in FIG. 78 and associated with the time-base 

the error correction capability than D l 2 channel, as assignment shown in FIG. 77 and will no more be explained 

described in the second embodiment The channel is It is also possible to multiplex data components on the D t 

higher in the redundancy but lower in the error rate than the is signal as shown in FIG. 8L However, two data 821 and 822 

D i-2 channel and the date 821 can be reconstructed at a are increased higher in the error correction capability than 

lower C/N rate than mat of the other data 821a, 821*, 821c. other data components 821a, 8126, 812c, thus staying at a 

More specifically, a low resolution NTSC component will be higher signal level. More particularly, the data assignment 

reproduced at a far location from the transmitter antenna or for transmission is made in one physical level but two logic 

in a signal attenuating or shadow area, e.g. the interior of a 20 level relationship. Also, each data component of the second 

vehicle. In view of the error rate, the data 821 of D w channel is inserted between two adjacent data components 

channel is less affected by signal interference man the other of the first channel so that serial processing can be executed 

data 821a, 8216, 821c of Dj_ 2 channel, while being specifi- at the receiver side and the same effects as of the time-base 

cally discriininated and stayed in a different logic level, as assignment shown in FIG. 79 will thus be obtained, 

described in the second ernbodiment While D l and D 2 are 25 The time-base assignment of data components shown in 

divided into two physically different levels, the levels deter- FIG. 81 is based on the logic level mode and can also be 

mined by dis cri m in ati o n of the distance between error carried in the physical level mode when the bit transmission 

oorrccting codes arc arranged different in the logic level rate of the two data components 821 and 822 is decreased to 

The demodulation of D 2 data requires a higher ON rate Vi or VS thus to lower the error rate. The physical level 

than mat for D, data. In action, or low resolution 30 arrangement is consisted of three different levels. 

NTSC signal can at least be reproduced in a distant or lower FIG. 82 is a block diagram of another modified video 

CVN service area. H L V Hi H^V^ and H^V^can in addition decoder 423 for decoding of the D x signal time-base 

be reproduced at a lower C7N area. Then, at a high ON area, arranged as shown in FIG. 81, which is simpler in construe- 

H/V^H, H^-H, and H^V^H components can also be tion than that shown in FIG. 80. Its action is identical to that 

reproduced *> develop an HDTV signaL Accordingly, three 33 of the decoder shown in FIG. 80 and will be no more 

different level broadcast signals can be played back. This explained. 

method allows the signal receivable area shown in FIG. 53 As understood, the time-base assignment of data compo- 
te increase from a double region to a triple region, as shown nents shown in FK3. 81 also contributes to the similar 
in FIG. 90, thus ensuring higher opportunity for enjoying TV arrangement of the expander and mixer. Also, four data 
programs FIGS. 78 is a block diagram of the third video 40 components of the V> x signal are fed at respective time slices 
decoder arranged for the time-base assignment of data to a mixer 556. Hence, the circuitry arrangement of the 
shown in FIG. 77, which is similar to mat shown in FIG. 72 mixer 556 or a plurality of circuit blocks such as provided 
except that the third input 551 for D 3 signal is eliminated and in the video mixer 548 of FIG. 32 may be arranged for 
the arrangement shown in FIG. 74(a) is added. changing the connection therebetween corresponding to 
In operation, both the D l and D 2 signals arc red through 45 each data component so that they become compatible in time 
two input units 521, 530 respectively to a switch 812 at the division action and thus, minimis m circuitry construe- 
first timing. As their components including H^V^ are time tion. 

divided, they are transferred in a sequence by the switch 812 Accordingly, the receiver can be niinirnizcd in the overall 

to an expander 503. This sequence will now be explained construction. 

referring to the time-base assignment of FIG. 77. A com- 50 It would be understood mat the fifth embodiment is not 

pressed form of H^V^ of the first channel is first fed to the limited to ASK modulation and the other methods inclu ding 

expander 503 where it is expanded. Then, HjrV^ H^V t , and PSK and QAM modulation, such as described in the first, 

HjfYtf are expanded. All the four expanded components are second, and third embodiments, will be employed with equal 

sent through a switch 812a to a mixer 556 where they are success. 

mixed to produce HjA^-H. H^V^-H is then fed back from 55 Also, FSK modulation will be eligible in any of the 
the terminal 1 of a switch 765a through the input 2 of a embodiments. For example, the signal points of a multiple- 
switch 765 to the input of the mixer 556. level FSK signal consisting of four frequency components 
At the second timing, H^V^H, H^V^H, and H^V^H of fl,f2,f3, f 4 are divided into groups as shown in FIG. 58 and 
the D 2 signal shown in FIG. 77 are fed to the expander 503 when the distance between any two groups are spaced from 
where they are expanded before transferred through the 60 each other for ease of disc riminatio n, the multi-level trans- 
switch 821a to the mixer 556. They are mixed by the mixer mission of the FSK signal can be implemented, as illustrated 
556 to an HDTV signal which is fed through the terminal 2 in FIG. 83. 

of the switch 765a to the output unit 52 1 for further delivery. More particularly, it is assumed that the frequency group 

The time-base assignment of data components for 841 of fl and f2 is assigned D t =0 and the group 842 of f3 

transmission, shown in FIG. 77, contributes to the simplest 65 and f4 is assigned D t =l. If fl and £3 represent 0 at D 2 and 

arrangement of the expander and mixer. Although FIG. 77 f2 and f 4 represent 1 at D 2 , two-bit data transmission, one bit 

shows two, D t and signal levels, four-level transmission at D t or D 3 , will be possible as shown in FIG. 83. When the 
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C/N rate is high, a combination of D x =0 and Dj=l is data stream, image reproduction of de- scramble or each 
reconstructed at t=t3 and a combination of D^l and D 2 =0 block of image can be stabilized. 

at fc=t4. When the C/N rate is low, D t =0 only is reproduced As shown in FIGS. 137 and 172, high priority information 
at fc=t3 and D,*=I at fc=t4. In this manner, the FSK signal can (HP) is transmitted by the subchannel with a higher code 
be transmitted in the multi-level arrangement This multi- 5 gain by changing the code gain of Trellis decoder or ECC 
state FSK signal transmission is applicable to each of the decoder error correction by the respective subchannel for 
third, fourth, and fifth embodiments. data row time shared by the transmitter of 8 VSB and 16 

The fifth embodiment may also be implemented in the VSB. Since the error rate of HP information decreases, even 
form of a magnetic record/playback apparatus of which if noise is generated to a certain degree in the transmission 
block diagram shown in FIG. 84 because its ASK mode to route to deteriorate signals which results in destruction of 
action is appropriate to magnetic record and playback opera- Low priority infarmation(LP), HP information data will 
tion. remain undestructed. By transmitting dc scramble informa- 

FKj. 84 is a block diagram showing a recorder/transmitter tion and header information such as data packet address of 
and a player/receiver. each image block as HP information, descramble stabilizes 

In the block diagram of FIG. 84, the VSB-ASK modula- is for a long time and viewers can watch dcscrambled pro- 
tion system in the fifth embodiment comprising the trans- grams. At the same time, since destruction of each image 
initter 1 and the receiver 43 becomes identical in constitu- block is prevented, viewers can watch TV programs with 
tion by replacing the transmission circuit 5a of the acceptable image quality as image quality deteriorates only 
transmitter by a recorder magnetic recording signal amplifier generally even when received signals deteriorate. 
857a, and the reception circuit 24a of the receiver 43 by a 20 Embodiment 6 

magnetic reproducing signal amplifier 857k The communicatioD and/or recording method of the 

Describing the operation, the HDTV signal is divided into present invention is applicable to a magnetic recording and 
two sets of data to be compared by the video encoder 401, playback apparatus. Although the present invention is 
a first data stream is subjected to error coding in the ECC applied for a multiple-level ASK data transmission in the 
encoder 743a, and a second data stream is subjected to error 25 above-described fifth embodiment, it is also feasible in the 
coding in the ECC 744a, then further subjected to Trellis same manner to adopt this invention in » ma gnetic recording 
coding in the IreUis encoder 7446 to enter the modulator and playback apparatus of a multi-level ASK recording 
749 of VSB-ASK. In the case of the recorder, after applying system, as shown in FIG. 173. A multi-level or non nmlti- 
an offset signal by the offset generator 856, data is recorded level magnetic recording can be realized by applying the 
on a magnetic tape 855 by a recording circuit 853. In the 30 G-CDM method of the present invention to PSK, FCK, and 
case of the tr ansmi t t e r 1, a DC offset voltage is superposed QAM, as well as ASK. 

on the VSB-ASK signal by an offset voltage generator 856, First of all, the method of realizing a multi-level recording 
and the signal is transmitted by the up converter So. Thus, in a 16 QAM or 32 QAM magnetic recording playback 
it is easy to reproduce the synchronous signal of the receiver. apparatus will be explained using an example of the C-CDM 
Hie transmitted VSB-ASK signals of 4 VSB, 8 VSB and 16 35 method of the present invention. FK3. 84 is a circuit block 
VSB are received by the antenna 326, and fed into a diagram wherein the C-CDM is applied to 16 QAM, 32 
d em o d ulator 852a by way of a down converter 24a. QAM, 4ASK, 8 ASK, 16 ASK and 8 PSK. Hereinafter, a 

On the other hand, the signal recorded by the recorder is QAM system being miiitfri*T*d by the C-CDM method is 
reproduced by a reproducing head 854a, and is sent into a termed as SRQAM. FIGS. 137 and 154 show block dia- 
drjmxfailatnr 8526 through a reproducing circuit 858. 40 grams applicable for the signal transmission system of the 

The input signal is demodulated by an ASK demodulator broadcast 
8526 such as VSB through a filler 858a of the demodulator As shown in FIG. 84, an input video signal, eg. an HDTV 
8526, and the demodulated first data stream is subjected to signal, to a wmgn^iV record/playback apparatus 851 is 
error correction by the ECC decoder 758a, and the second divided and compressed by a video encoder 481 into a low 
data row is subjected to error correction by the IreUis 45 frequency band signal through a first video encoder 401a 
decoder 7596 and the ECC 759a. In consequence, the HDTV and a high frequency band signal through a second video 
expanded to video signal, TV signal, or SDTV signal is encoder 4816 respectively. Then, a low frequency band 
delivered from the video decoder 4*2. By TreOis coding, the component, eg. H L V^, of the video signal is fed to a first 
error rate is lowered, the transmission distance of the trans- data stream input 743 of an input unit 742 and a high 
natter is extended, and the image quality of the recording so frequency band component including H^Vj, is fed to a 
and reproducing apparatus is improved In such a case, the second data stream input 744 of the same. The two compo- 
filter 858a of the receiver 43, by using a comb filter which nents are further transferred to a modulator 749 of a 
possesses such a filter characteristic as to eliminate the modulator/demodulator unit 852. The first data stream input 
carrier of analog TV signal as shown in FIG. 134, can 743 adds an error correcting code to the low frequency band 
el imin a te the interference of the analog TV signal, and the 55 signal in an ECC 743a. On the other hand, the second data 
error rate can be reduced. In this case, if the filter is always stream fed into the second data stream input 744 is 2 bit in 
placed, the signal deteriorates. To avoid this, as shown in case of 16 SRQAM, 3 bit in case of 36 SRQAM, and 4 bit 
FIG. 65, the analog TV filter 760a is turned on only when in case of 64 SRQAM. After an error correcting code being 
the signal deteriorates due to interference of the analog TV encoded by an ECC 744a, this signal is supplied to a Trellis 
by the error rate detector 782, and is turned off when there 60 encoder 744*, or 744g, or 7446 shown in FIGS. 128(a), 
is no interference, so that deterioration by filter can be 128(6) and 126(c) in which a IreUis encoded signal having 
invented. a ratio 1/2 for 16 SRQAM, 2/3 for 32 SRQAM, and 3/4 for 

In the case shown in FIG. 84 , of the first data stream and 64 SRQAM is produced A 64 SRQAM signal, for example, 
second data stream, the error rate is smaller in the second has a first data stream of 2 bit and a second data stream of 
data stream. Therefore, by transmitting/recording high pri- 65 4 bit A Trellis encoder 7446 of FIG. 128(c) allows this 64 
ority (HP) information such as de-scramble information, and SRQAM signal to perform a IreUis encoding of ratio 3/4 
header information of image data in FIG. 66 into the second wherein 3 fait data is converted into 4 bit data. For 4 ASK, 
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8 ASK and 16 AS K the Trellis encoding of 1/2, 2/3 and 3/4 the 16 or 32 valued signal points. Therefore the first data 
^ewkntry performed. Thus redundancy increases and stream D, can be reproduced, while a 2 bit, 3 bit, or 4 bit data 
a data rate decreases, while error correcting capability stream of the second data stream D 2 cannot be reproduced, 
increases. This results in the reduction of an error rate in the Only 2 bit data stream of the first data stream is reproduced, 
same data rate. Accordingly, transmittable Information j If a two-level HDTV video signal is recorded and 
amount of the recording/playback system or transmission reproduced, a low C/N tape having insufficient capability of 
system will increase substantially. As the 8 VSB transmis- reproducing a high frequency band video signal can output 
sion system explained in the fifth embodiment is three bits 0Di y a low rate low frequency band video signal of the first 
per symbol, the Trellis encoder 744g and the Trellis decoder data stre * m . specifically e.g. a 7 Mbps wide NTSC TV 
744j of ratio 2/3, shown in FIGS. 128(fc) and 128(e) can be to signal - 

used for this 8 VSB transmission system An overall block shown m a Mock diagram of FIG. 114, a second data 

diagram is shown in FIG. 171. stream output 759, the second data stream input 744, and the 

It is, however, possible to constitute the first data stream SeC °?? video decoder <W2dl <*" eliminated in order to 
input 743 not to include a Trellis encoder as shown in FIG £• customa ? l one aspect of Iowa grade products. In 
84 ofthis six* embaliment because the fi^^ 15 ^ \^^^^ m<^s 851, dedicated to 

low error rate inherently. This will be advantaging l^XRZS Vf* 1"°^* m0dukted 
of simplification of circuit configuration. ^ne^nd^ QPSKwhicfa modulates or demcKlulates the first data stream 

"„„ . ^* , ' ' sccona oaia only. This apparatus allows only die first data stream to be 

f^^l a mnrowinta-code distance as com- recorded andrcproduced. Specifically a wide NTSC <m>de 
pared with fce first data stream and, therefore, has a worse video signal caTS^<lS^roS 
error rate. The Trellis encoding of the second data stream 20 Above-descrfced high C/N rate video tape 855 capable of 
improves suet a worse error rate. There is 00 doubt that an recording a high bit-rate signal, eg HDTV aenaTwfll be 
overall arena configuration becomes simple if the Trellis capable of being used in such a low bit-ratededicated 
encoding of the first data stream is el i m ina t e d . An operation magnetic recording/playback apparatus but will reproduce 
temodu^n is almost identical to that of the transmitter the first data stream D, only. That is, the wide NTSC signal 
ajhe fifth embodiment shown in FIG. 64 and will not be 25 U outputted, while me second data stream is not reproduced, 
further explained A modulated signal of the modulator 749 In other words, one recwling/playback apparatuThavine a 
m f ^"f C0K ^ U ^ < ^ t ^inwhidiitisAC complicated configuration can reproduceVHDTV signal 
bwsedby a bus generator 856 and amplified by an amplifier and me other reccading4,Uyback^>aratus having a siZte 
S^Thereafter, the signal is fedtoamagnctic head 854 for configuration can reproduce a wide NTSC signal if agten 
receding onto a magnetic tape 855. 30 video tape 855 includes me same multi-level HDTVsSnaL 

A formal of the recorded signal is shown in a recording Accordingly in case of two-level multiple state, four oorn^ 
s^ fr^uency assignment of FIG. 113. A main, e.g. 16 binatioos wffl be realized wmriwfectccanpatibiluy among 
SRQAM, signal 859 having a earner of frequency fc records two tapes having different ON rateslndtwo recording/ 
!f a ^ n ' • an l!^-! Pilot f^ signal 859o having a fre- playback apparatus having different rccorfing^Uybackdate 
quency 2fc is recorded simultaneously. Distortion in the 35 rates. This will bring remarkable effcctTln this case, an 
recording operation is lowered as a bias signal 859i having NTSC dedicated apparatus will be simple in construction as 
"frequency f^ adds AC bias for magnetic recording. Two compared with an HDTV dedicated apparatus. In more 
of teee-level signals shown In FIG. 113 are recorded in detail, a circuitry scale of EDTV decoderwfll be V4s of that 
Z^.^ t ^T 0dU ^. thCSC Siga ^ of HDTV decoder Therefore, a low function apparatus can 

two thresholds Th-1-2, Th-2 are given. A signal 859 wfll <o bcita^Afmfylawo^Raliii^oB^two^nWBai 
reproduce all rf two levels while a signal 859c wfll repro- EDTV, types recording/playback apparatus having different 
di^D, data only, depending on C7N level of the recording/ recordu l g/reproduc^ca^ty of^rfcurre quamy wfll pro- 
praybacfc vide various type products ranging in a wide price range. 

ct^^L*^ • signal point Users can fredy select a tape among a plurality <rf tapes from 
iuFICM .Furmermore, a main signal of 45 an expensive high rate tape to a cheaper tow^ rate 
nr iMn^L 8 °8 n f 1 P™ 1 assignment shown in tape, as occasion demands so as to satisfy required picture 
FIG 190. Furthermore, a main signal of 4 ASK or 8 ASK quality. Not only maintaining perfect compatibility but 
wfll have a signal point assignment of FIG. 58 or FTC. 68(a) obtaining expandable capabflffy wffl be attaJnedlnd former 
!r Vo™ » reproduction of this signal, both the main compatibility with a future system wffl be ensured, 
s^ 859 and the pilot signal 859a are reproduced through 50 Consequently, it wffl be possible to establish long-lasting 
the magnetic head 854 and amplified by an amplifier 857*. standards fwrecordingyplayback apparatus. Other recaxhnK 
An output signal of the amplifier 857i is fed to a earner methods wffl be vtib the samHuanner. For e«mpte« 
reproduction circuit 858 in which a filter 858a separates tbe multi-level rccocding wfll be realized by use^fpha^e 
ircqueacy of the pilot signal fp having a frequency 2f0 and modulation explained in the first and third embodimentsA 
a frequency divider 8586 reproduces a easier of fre- 55 recording by the ASK explained in the fifth embodiment will 
^^» to f^ f «" to" demodulator 768 .Thisrepro- be also possible. A multiple state of two- a threolayer will 
I^i^^i"^ 10 ^ m * 3ulatc ^ ^ * be realized by converting present recording from two-level 

dem<xnilator760. Assuming that a magnetic recording tape to four-level ASK or eight-level ASK and dividing Into two 
■55, e,g. HDTV ^tape, is of high C/N rate, 16 signal points groups as shown in FIGS. 59(c), 59(d), 68(a) and 68(6). 
are ^discriminated and thus both D, and D a are d em odulated fio A circuit block diagram for ASK is shown in FIG. 173 
in the demodulator 760. Subsequently, a video decoder 462 which is identical to that disclosed in FIG 84 With the 
reproduces all the signals. An HDTV VCR can reproduce a combination of die Trellis and ASK, the error rate can be 
high bit-rate TV signal such as 15 Mbps HDTV signal. The lowered. Besides embodiments already described, a multi- 
of ,™ 1 * 6 ' dlea P crthe cost of a video tape is. levd recording wffl be also realized by use of multiple tracks 
So to.a^ti^mdiemaritttisinfaiorbymaretiian 10 65 on a magnetic tape. Furthermore, a theoretical multi-level 
«."^^ toaM *^ bn) *^^ ffa ^ ta P e recording wfll be feasible by differentiating the error cor- 
dis of low C/N rate, it will not be able to discriminate all recting capability so as to discriminate respective data. 
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Compatibility with future standards will be described D 2 by the C-CDM demodulator 760 in the same manner as 

below. A setting of standards for recording/playback appa- in the explanation of FIG. 84. The first data stream D t is 

rams such as VCR is normally done by taking account of the demodulated into two, D,_, and D^, subchannels through 

most highest ON rate tape available in practice. The record- the TDM 758c provided in the first data stream output 758. 

ing characteristics of a tape progresses rapidly. For example, 5 Dj. x data is error corrected in an ECC decoder 758a having 

the C/Nrate has been improved more than 10 dB compared high code gain. Therefore, data can be demodulated at 

with the tape used 10 years ago. If supposed that new a lower C7N rate as compared with D 12 data. A 1-1 video 

standards will be established after 10 to 20 years due to an decoder 402a decodes the D U1 data and outputs an LDTV 

advancement of tape property, a conventional method will signal On the other hand, D 12 data is error corrected in an 

encounter with the difficulty in maintaining compatibility 10 ECC decoder 7586 having normal code gain. Therefore, 

with older standards. New and old standards, in fact, used to D t _ 2 data has a threshold value of high C/N rate compared 

be one-way compatible or non-compatible with each other. with D ul data and thus will not be demodulated when a 

On the contrary, in accordance with the present invention, signal level is not large. D 12 data is then demodulated in a 

the standards are first of all established for recording and/or 1-2 video decoder 402J and summed with data to 

reproducing the first data stream and/or second data stream 15 output an EDTV signal of wide NTSC grade, 

on present day tapes. Subsequently, if the C/N rate is Hie second data stream D 2 is Vitabi demodulated in a 

improved magnificently in future, an upper level data Trellis decoder 7596 and error corrected at an ECC decoder 

stream, e.g. a third data stream, will be added without any 759a Thereafter, D 2 data is converted into a high frequency 

difficulty as long as the present invention is incorporated in band video signal through a second video decoder 4#26 and, 

the system. For example, a super HDTV VCR capable of 20 then, summed with D t l and D 12 data to output an HDTV 

recording or reproducing three-level 64 SRQAM or 8 ASK signal. In this case, a threshold value of the ON rate of D 2 

will be realized while maintaining perfect compatibility with data is set larger than that of CIS rate of D l 2 data, 

the conventional standards. A magnetic tape, recording first Accordingly, D w data, i.e. an LDTV signal, will be repro- 

to third data streams in compliance with new standards, win duced from a tape 855 having a smaller ON rate. D M , and 

be able to use, of course, in the older two-level magnetic 25 Dj. 2 data, ie. an EDTV signal, will be reproduced from a 

recording/playback apparatus capable of recording and/or tape 855 having a normal ON rate. And, D^, Dj_ 2 , and 

reproducing only first and second data streams. In this case, ix. an HDTV signal, will be reproduced from a tape 855 

first and second data streams can be reproduced perfectly having a high ON rate. 

although the third data stream is left Don-reproduced. Three-level magnetic recording/playback apparatus can 

Therefore, an HDTV signal can be reproduced. For these 30 be realized in this manner. As described in the foregoing 

reasons, the merit of expanding recording data amount while description, the tape 855 has an interrelation between ON 

maintaining compatibility between new and old standards is rate and cost The present invention allows users to select a 

expected. grade of tape in accordance with a content of TV program 

Returning to the explanation of reproducing operation of they want to record because video signals having picture 

FIG. 84, the magnetic head 854 and the magnetic reproduc- 35 qualities of three grades are recorded and/or reproduced in 

tion circuit 853 reproduce a rerxoduring signal from the accordance with tape cost. 

magnetic tape 855 and feeds it to the modulation/ Next, an effect of multi-level recording will be described 

demodulation circuit 852. The demodulating operation is with respect to fast reed playback. As shown in a recording 

almost identical with that of first, third, and fourth embodi- track diagram of FIG. 132, a recording track 855a having an 

ments and will no further be explained. The demodulator « azimuth angle A and a recording track 8556 having an 

760 reproduces the first and second data streams Dj and opposite azimuth angle B are alternately arrayed on the 

The second data stream D 2 is error corrected with high code magnetic tape 855. The recording track 855a has a recording 

gain in a Trellis-decoder 7S9b such as a Vitabi decoder, so region 855c at its central portion and the remainder as 

as to be low error rate. The video decoder 402 demodulates recording regions 8554 as denoted in the drawing. This 

Dj and D 2 signals to output an HDTV video signal. 45 unique recording pattern is provided on at least one of 

FIG. 131 is a block diagram showing a threc4evel mag- several recording tracks. The recording region 855c records 

netic recording/playback apparatus in accordance with the one frame of LDTV signal A high frequency band signal D 2 

present invention which includes one theoretical level in is recorded on a D 2 recording region 855c corresponding to 

addition to two physical levels. This system is substantially an entire recording region of the recording track 855a. This 

the same as that of FIG. 84. The difference Is that the first 50 recording format causes no novel effect against a normal 

data stream is further divided into two subchannels by use of speed recording/playback operation, 

a TDM in order to realize a three-level constitution. A fast feed reproduction in a reverse direction does not 

As shown in FIG. 131, an HDTV signal is separated first allow a magnetic head trace 855/having an azimuth angle A 

of all into two, medium and low frequency band video to coincide with the magnetic track as shown in the drawing, 

signals D w , and Dj.j, through a 1-1 video encoder 401c and 55 As the present invention provides the D 1 . 1 recording region 

a 1-2 video encoder 40 Id and, thereafter, fed into a first data 855c at a central narrow region of the magnetic tape as 

stream input 743 of an input section 742. The data stream shown in FIG. 132, this region only is surely reproduced 

D w having a picture quality of MPEG grade is error although it occurs at a predetermined probability. Thus 

correcting coded with high code gain in an ECC coder 743a, reproduced V x _ x signal can demodulate an entire picture 

while the data stream D t . 2 is error correcting coded with 60 plane of the same time although its picture quality is an 

normal code gain in an ECC encoder 7436. D x . v and D 4 . 2 LDTV of MFEG1 level. In this manner several to several 

are time multiplexed together in a TDM 743c to be one data tens LDTV signals per second can be reproduced with 

stream Dl. D t and D 2 are modulated into two-level signals perfect picture images during the fast feed playback 

in a C-CDM 749 and then recorded on me magnetic tape 855 operation, thereby enabling users to surely confirm picture 

through the magnetic head 854. 65 images during the fast feed operation. 

In playback operation, a recording signal reproduced A head trace 855g corresponds to a head trace in the 

through the magnetic head 854 is demodulated into D 4 and reverse playback operation, from which it is understood only 
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a part of the magnetic track is traced in the reverse playback system has a high C/N rate. Meanwhile, a TV signal of 

operation. The recording/playback format shown in FIG. EDTV grade, e.g. a wide NTSC signal, or a TV signal of 

132 however allows, even in such a reverse playback LDTV grade, e.g. a low resolution NTSC signal, will be 

operation, to reproduce D X . A recording region and, therefore, outputted when the recording/playback system has a low 

an animation of LDTV grade is outputted intermittently. 5 C/N rate or poor function. 

Accordingly, the present invention makes it possible to As is described in the foregoing description, the magnetic 

record a picture image of LDTV grade within a narrow recording/playback apparatus in accordance with the present 

region on the recording track, which results in intermittent invention can reproduce picture images consisting of the 

reproduction of almost perfect still pictures with picture same content even if C/N rate is low or error rate is high, 

quality of LDTV grade during normal and reverse fast feed 10 although the resolution or the picture quality is relatively 

playback operations. Thus, the users can easily confirm low. 

picture images even in high-speed searching. Embodiment 7 

Next, another method will be described to respond a A seventh embodiment of the present invention will be 
higher speed fast feed playback operation. A D ul recording described for execution of four-level video signal transmis- 
region 855<: is provided as shown at lower right of FIG. 132, 15 sion. A combination of the four-level signal transmission and 
so that one frame of LDTV signal is recorded thereon. the four-level video data construction will create a four- 
Furthermore, a narrow D^Dj recording region SSSh is level Signal service area as shown in FIG. 91. The four- 
provided at a part of me D 1 . l recording region 855c. A level service area is consisted of, from innermost, a first 
subchannel in this region records a part of information 89*2, a second 89*6, a third 890c, and a fourth signal 
relating to the one frame of LDTV signal The remainder of 20 receiving area 890J. The method of developing such a 
the LDTV information is recorded on the D 3 recording four-level service area will be explained in more 
region 855/ of the D, D 2 recording region HSSh in a dupli- The four-level arrangement can be implemented by using 
cated manner. The subchannel D 2 has a data recording four physically different levels determined through modu- 
capacity 3 to 5 times as much as the subchannel D^. Lation or four logic levels defined by data discr iminati on in 
Therefore, subchannels D l _ 1 and D 2 can record one frame 25 the error correction capability. Hie former provides a large 
information of LDTV signal on a smaller, VS~Vs, area of the difference in the C/N rate between two adjacent levels and 
recording tape. As the head trace can be recorded in a further the OS rate has to be increased to discriminate all the f our 
narrower regions 855A, 855/, both time and area are levels from each other. The latter is based on the action of 
decreased into VTVSt as compared with ahead trace timeT 51 . demodulation and a difference in the C/N rate between two 
Even if the trace of head is further inclined by increasing fast 30 adjacent levels should stay at minimum Hence, the four- 
feed speed amount, the probability of entirely tracing this level arrangement i« h^tf rangfnirfr-d using • / vwnK nation »f 
region will be increased. Accordingly, perfect LDTV picture two physical levels and two logic levels. The division of a 
images will be intermittently reproduced even if the fast feed video signal into four signal levels will be ^pit'nH 
speed is increased up to 3 to 5 times as fast as the case of the FIG. 93 is a block diagram of a divider circuit 3 which 
subchannel only. 35 comprises a video divider 895 and four compressors 405a, 

In case of a two-level VCR, this method is useless in 4*56, 445c, 405£ The video divider 895 contains three 

reproducing the D 3 recording region 855/ and therefore mis dividers 404a, 4046, 404c which are arranged identical to 

region will not be reproduced in a high-speed fast feed the divider circuit 404 of the first video encoder 401 shown 

playback operation. On the other hand, a three-level high in FIG. 30 and will be no more explained. An input video 

performance VCR will allow users to confirm a picture 40 signal is divided by the dividers into four components, H^Vl 

image even if a fast feed playback operation is executed at of low resolution data, H M V H of high resolution data, and 

a faster, 3 to 5 times as fast as two-level VCR, speed. In other H^V H and H H V L for medium resolution data. The resolution 

words, not only excellent picture quality is obtained in of H^V^ is a half mat of the original input signaL 

accordance with the cost but a maximum fast feed speed The input video signal is first divided by the divider 404a 

capable of reproducing picture images can be increased In 43 into two, high and low, frequency band components, each 

accordance with the cost component being divided into two, horizontal and vertical, 

Although this embodiment utilizes a multi-level modal*- segments. The intermediate between the high and low fre- 

tion system, it is needless to say that a normal, e.g. 16 QAM, quency ranges is a dividing point according to the cmbodi- 

modnlation system can also be adopted to realize the fast ment Hence, if the input video signal is an HDTV signal of 

feed playback operation in accordance with the present 50 1000-Hne vertical resolution, H^V L has a vertical resolution 

invention as long as an encoding of picture images is of of 500 lines and a horizontal resolution of a half value, 

multiple type. Each of two, horizontal and vertical, data of the low 

A recording method of a conventional non-multiple digi- frequency component H^V^ is further divided by the divider 

tal VCR, in which picture images are highly compressed, 404c into two frequency band segments. Hence, an H L V L 

disperses video data uniformly. Therefore, it was not pos- 53 segment output is 250 lines in the vertical resolution and *A 

sible in a fast feed playback operation to reproduce all the of the original horizontal resolution. This output of the 

picture images on a picture plane of the same time. The divider 404c which is termed as an LL signal is then 

picture reproduced was the one consisting of a plurality of compressed by the compressor 405a to a D t _ t signaL 

picture image blocks having non-coincided time bases with The other three higher frequency segments of H^V^ are 

each other. The present invention, however, provides a 60 mixed by a mixer 772c to an LH signal which is then 

multi-level HDTV VCR which can reproduce picture image compressed by the compressor 4056 to a D x _ 2 signal The 

blocks having coincided time bases on a picture plane during compressor 4056 may be replaced with three compressors 

a fast feed playback operation although its picture quality is provided between the divider 404c and the mixer 772c. 

of LDTV grade. H^V W , H^V^d H^V W form the divider 404a are mixed 

The three-level recording in accordance with the present 65 by a mixer 772a to an H^V^H signal. If the input signal is 

invention will be able to reproduce a high resolution TV as high as 1000 lines in both horizontal and vertical 

signal such as HDTV signal when the recormng^playback resolution, H^V^H has 500 to 1000 lines of a horizontal 
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and a vertical resolution. H^V^H is fed to the divider 404b proportion to the C/N rate. More specifically, the quality of 

where it is divided again into four components. a reproduced picture will be increased as the distance from 

Similarly, H L V L from the divider 404b has 500 to 750 a transmitter antenna becomes smalL When L=Ld, LL 

lines of a horizontal and a vertical resolution and transferred component is reproduced. When L=Lc, LL+LH signal is 

as an HL signal to the compressor 445c. The other three 5 reproduced. When L=Lb, LL4LH+HL signal is reproduced 

components, H^V^ H H V^ and H^V^ from the divider when L=La, LL+LH+HL+HH signal is reproduced. As the 

404* have 750 to 1000 lines of a horizontal and a vertical rcsu h if the bandwidth of the original stenalisl themcture 

resolution and are mixed by a muer 7726 to an HH signal ^ y cohaoce<1 * % mcrcmcnts of Ibandwidth from % to 

which is then ^compressed by the compressor 4Q5d and i depending on the receiving area. If the original signal is an 

o^veredas a signal ^er comra^sion, the HL signal HOTVof 1000-line verticil resolution^^c^oed^ 

is delivered as a signal As the result, LL or D._. carries ... i^TiEr™ TTTi/Sa « • 1^ I 

a frequency data of 0 to 250 lines, LH or /carries a ^f^50' 500 ' ] 5 . 0 ' and 1000 lines m the reaolufron at 

frequency data from more than 250 lines up to 500 lines, HL r f? cctive receiving areas. The picture quality w01 thus 

or D 3 l carries a frequency data of more than 500 lines up vancd 11 tste P s dc P eildm « 011 to lcvcl * agnaL FIG. 96 

to 750 lines , and HH or D 2 2 carries a frequency data of more shows mc sfe 0 * 1 propagation of a conventional digital 

than 750 lines to 1000 lines so that the divider circuit 3 can 15 HETV signal transmission system, in which no signal 

provide a four-level signaL Accordingly, when the divider reproduction will be possible when the CZN rate is less than 

circuit 3 of the transmitter 1 shown in FIG. 87 is replaced Vi. Also, signal interception will hardly be guaranteed at 

with the divider circuit of FIG. 93, the transmission of a signal interference regions, shadow regions, and other signal 

four-level signal will be implemented. attenuating regions, denoted by the symbol x, of the service 

The combination of multi-level data and multi-level trans- 20 area. FIG. 97 shows the signal propagation of an HDTV 

mission allows a video signal to be at steps declined in the signal transmission system of the present invention. As 

picture quality in proportion to the C/N rate during shown, the picture quality wOl be a full 1000-line grade at 

transmission, thus contributing to the enlargement of the TV the distance La where C/N«a, a 750-line grade at the 

broadcast service area. At the receiving side, the action of distance Lb where C/N=b, a 500-line grade at the distance 

demodulation and reconstruction is identical to that of the 25 Lc where C/N=c and a 250-line grade at the distance Ld 

second receiver of the second embodiment shown in FIG. 88 where C/N=d Within the distance La, there are shown 

and will be no more explained. In particular, the mixer 37 is unfavorable regions where the C/N rate drops sharply and no 

modified for video signal transmission rather than data HDTV quality picture will be reproduced. As understood, a 

communications and will now be explained in more detail lower picture quality signal can however be intercepted and 

As described in the second embodiment, a received signal 30 reproduced according to the multi-level signal transmission 

after demodulated and error corrected, is fed as a set of four system of the present invention. For example, the picture 

components Dj. lf D,.^ D 2 . lt to the mixer 37 of the quality will be a 750-line grade at the point B in a building 

second receiver 33 of FIG. 88, shadow area, a 250-line grade at the point D in a running 

FIG. 94 is a block diagram of a modified mixer 33 in train, a 750-line grade at the point F in a ghost developing 
which D^j, Dj 2 , D 21 , D 2 2 are explained by their respec- 35 area, a 250-line grade at the point G in a running car, a 
tivc expanders 523a, 5236, 523c, 523d to an LL, and LH, an 250-line grade at the point L in a neighbor signal interfer- 
HLy and an HH signal respectively which are equivalent to ence area. As set forth above, me signal transmission system 
those described with FIG. 93. If the bandwidth of the input of the present invention allows a TV signal to be success- 
signal is 1, LL has a bandwidth of W, LL+LH has a fully received at a grade in the area where the conventional 
bandwidth of 46, LLfLH+HL has a bandwidth of % 9 and 40 system is poorly qualified, thus increasing its service area. 
IX+LH+HL+HH has a bandwidth of 1. The LH signal is FIG. 98 shows an example of simultaneous broadcasting of 
then divided by a divider 531a and mixed by a video mixer four different TV programs, in which three quality programs 
54&a with the UL signaL An output of the video mixer 548*3 C, B, A are transmitted on their respective channels D 12 , 
is transferred to an H L V L terminal of a video mixer 548c. D^, D 2 2 while a program D identical to that of a local 
The video mixer 531a is identical to that of the second 45 analogue TV station is propagated on the D l l channel 
decoder 527 of FIG. 32 and will be no more explained. Also, Accordingly, while the program D is kept available at 
the HH signal is divided by a divider 53L& and fed to a video simulcast service, the other three programs can also be 
mixer 548^. At the video mixer 5486, the HH signal is mixed distributed on air for offering a multiple program broadcast 
with the HL signal to an H^V^H signal which is then service, 
divided by a divider 531c and sent to the video mixer 548c. 50 Embodiments 

At the video mixer 548c, H^V^-H is combined with the sum Hereinafter, an eighth embodiment of the present inven- 

signal of LH and LL to a video output The video output of don will be explained referring to the drawings. The eighth 

the mixer 33 Is then transferred to the output unit 36 of the embodiment employs a multi-level signal transmission sys- 

second receiver shown in FIG. 88 where it is converted to a tern of the present invention for a transrnitterAeceiver in a 

TV signal for delivery. If the original signal has 1050 lines 55 cellular telephone system. 

of vertical resolution or is an HDTV signal of about 1000- FIG. 115 is a block diagram showing a transmitter/ 

line resolution, its four different signal level components can receiver of a portable telephone, in which a telephone 

be intercepted in their respective signal receiving areas conversation sound inputted across a microphone 762 is 

shown in FIG. 91. compressed and coded in a compressor 405 into multi level, 

The picture quality of the four different components will 60 D A , D 2 , and D 3 , data previously described. These D lv D 2 , 

be described in more detail. The illustration of FIG. 92 and D 3 data arc time divided in a time division circuit 765 

represents a combination of FIGS. 86 and 91. As apparent, into predetermined time slots and, then, modulated in a 

when the C/N rate increases, the overall signal level of modulator 4 into a multi-level, e.g. SRQAM, signal previ- 

amount of data is increased from %61d to 862a by steps of ously described. Thereafter, an antenna sharing unit 764 and 

four signal levels D 1 . l , Dj.j, D 2 _ l? D >2 . 65 an antenna 22 transmit a carrier wave carrying a modulated 

Also, as shown in FIG. 95, the four different level signal, which will be intercepted by a base station later 

components LL, LH, HL, and HH are accumulated in described and further transmitted to other base stations or a 
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central telephone exchanger so as to communicate with and TWa taken along a line A-A\ The receiving cells 768 

otter telephones. and 770 utilize frequencies of a channel group A, while the 

On the contrary, the antenna 22 receives transmission receiving cells 7706, 769, and 770a utilize frequencies of a 

^JS^**"* communication channel group B wnich does not ov-h^wlft dte^nnel 

signals from other telephones. A received signal is demodu- < a k**+ ™*_n - J^TT^ 

lated in a multiple-levXe-g. SRQAM, type o^cdulW* k con^Uer^4 shown in FIG. 116 

into D x , D 2 , and D 3 data. Atiming circS^Sn^ m ^f S * c ^ nnd Dumb< ? <* mesc *» 

signals 1 on'the basis of dem3ted signals. S S '7^^^ J** a T mt ° f respcctivc rcccM °g 

signals are fed into the time division circuit 765. Demodu- * 111 Ha a <h ^ ram represents a distribution 

lated signals D lf D 2 , and D 3 are fed into an expander 503 and ° f a communicatioD amount of A channel A diagram 

expanded into a sound signal, which are transmitted to a 10 represents a distribution of a c ommuni c at ion amount of 

speaker 763 and converted into sound. the B channel. A diagram d=A+B represents a distribution of 

FIG. 116 shows a block diagram exemplarily showing an a comm " nic « l1 'oP amount of all the channels. A diagram TF 
arrangement of base stations, in which three base stations represents a communication traffic amount, and a diagram P 
771, 772, and 773 locate at center of respective receiving shows a distribution of buildings and population, 
cells 768, 769, and 770 of hexagon or circle. These base 13 The receiving cells 768, 769, and 770 employ the multi- 
stations 771, 772, and 773 respectively has a plurality of level, eg. SRQAM, signal transmission system. Therefore, 
transmite/recdver units 761*T761/ each similar to that of it is possible to obtain a frequency utilization efficiency of 6 
FIG. 115 so as to have data c ommu n icat ion channels eqiriva- bit/Hz, three times as large as 2 hit/Hz of QPSK, in the 
lent to the number of these transmitterAecciver units. A base vicinity of the base stations as denoted by data 776a 7766 
station controller 774 is connected to all the base stations 20 and 776c. Meanwhile, the frequency utilization efficiency 
and always monitors a communication traffic amount of decreases at steps from 6 bit/Hz to 4 bit/Hz, and 4 bit/Hz to 
each base station. Based on the monitoring result, the base 2 bit/Hz, as it goes to suburban area. If the transmission 
station controller 774 carries out an overall system control power is insufficient, 2 bit/Hz areas become narrower than 
including allocation of channel frequencies to respective the receiving cells, denoted by dotted lines 777a, 7776, 
base stations or control of receiving cells of respective base 25 777c, of QPSK. However, an equivalent receiving cell will 
statlo r ns - be easily obtained by slightly increasing the transmission 

FIG. 117 is a view showing a traffic distribution of power of the base stations, 

coinmunication amount in a conventional, eg. QPSK, sys- Transmittmg/rcceiving operation of a mobile station 

tern. A diagram d=A shows data 774a and 774b having capable of resrx>iidingtoa 64 SRQAM signal is carried out 

frequency utilization efficiency 2 Wt/Hz, and a diagram d=B 30 by use of modified QPSK, which is obtained by set a shift 

shows data 774c of frequency utilization efficiency 2 bit/Hz. amount of SRQAM to S«l, at the place far from the base 

A summation of these data 774a, 7746, and 774c becomes station, by use of 16 SRQAM at a place not so fer from the 

a data 774J, which represents a transmission amount of Ach same, and 64 SRQAM at the near place Accordingly, the 

consisting of receiving cells 768 and 770. Frequency utfli- maximum transmission power does not increase as com 

zation efficiency of 2 bit/Hz is uniformly distributed. 35 pared with QPSK. 

However, density of population in an actual urban area is Furmermore, 4 SRQAM type transmitterAeceiver, whose 

locally high in several crowded areas 775c, 7756, and 775c circuit configuration is simplified as shown in a block 

which includes buildings concentrated. A data 774c repre- diagram of FIG. 121, will be able to communicate with other 

seating a co mmun i c ation traffic amount shows several peaks telephones whik maintaining conu>aul^ty. That will be the 

at k^<)us just corresponding to these crowded areas 775a, 40 same in 16 SRQAM type transmittecTecerver shown in a 

775f>, and 775c, in contrast with other area having small block diagram of FIG. 122. As a result, three different type 

communication amount A capacity of a conventional eel- telephones having different modulation systems will be 

hilar telephone was uniformly set to 2 bit/Hz frequency provided. Small in size and light in weight is important for 

efficiency at entire region as shown by the data 774* portable telephones. In this regard, the 4 SRQAM system 
irrespective of actual traffic amount TF shown by the data 45 having a simple circuit configuration will be suitable for the 

774c. It is not effective to give the same frequency efficiency users who want a small and light telephone although its 

regardless of actual traffic amount In order to compensate frequency utilization efficiency is low and therefore cost of 

this ineffectiveness, the conventional systems have allocated call may increase In this manner, the present invention 

many frequencies to the regions having a large traffic system can suit for a wide variety of usage, 
amount, increased channel number, or decreased the receiv- 50 As is explained above, the transmission system having a 

ing cell of the same. However, an increase of channel distribution like <fc=A+B of FIG. 118, whose capacity is 

number is restricted by the frequency spectrum. locally altered, is accomplished. Therefore, an overall fre- 

Rirmermore, conventional multi-level, e.g. 16 QAM or 64 quency utilization efficiency wfll be much effectively 

QAM, mode transmission systems increase transmission improved if layout of base stations is determined to fit for the 
power A reduction of receiving cell will induce an increase 55 actual traffic amount denoted by IF. Especially, effect of the 

in number of base stations, thus increasing installation cost present invention wfll be large in a micro cell system, whose 

B is ideal for the improvement of an overall system receiving cells are smaller and therefore numerous sub base 

efficiency to increase the frequency efficiency of the region stations are required. Because a large number of sub base 

having a larger traffic amount and decrease the frequency stations can be easily installed at the place having a large 
efficiency of die region having a smaller traffic amount A «o traffic amount 

multi-level signal transmission system in accordance with Next, data assignment of each time slot will be explained 

the present invention realizes this ideal modification. This referring to FIG. 119, wherein FIG. 119(a) shows a conveo- 

wfll be explained with reference to FIG. 118 showing a tional time slot and FIG. 119(b) shows a time slot according 

communication amount & traffic distribution in accordance to the eighth embodiment The conventional system per- 
with the eighth embodiment of the present invention. 65 forms a down, te. from a base station to a terminal station, 

More specifically, FIG. 118 shows communication transmission as shown in FIG. 119(a), in which a sync signal 

aniounts of respective receiving cells 770*, 768, 769, 770, S is transmitted by a time slot 780a and transmission signals 
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to respective terminal stations of A, B, C channels by time or three transmission capacities. If the frequency utilization 

slots 7806, 780c, 780a* respectively at a frequency A. On the efficiency is lowered, power consumption will be decreased, 

other hand, an up, i.e. from me mobile station to the base If the frequency utilization efficiency is selected higher, 

station, transmission is performed in such a manner mat a communication cost will be saved. Moreover, adoption of a 

sync signals, and transmission signals ofa,b,c channels are 5 4 SRQAM having smaller capacity will simplify the cir- 

transmitted by time slots 78to, 7816, 781c, 78L* at a cuitry and reduce the size and cost of the telephone. As 

frequency B. explained in the previous embodiments, one characteristics 

The present invention, which is characterized by a multt- of the present invention is that compatibility is maintaine d 

level, e.g. 64 SRQAM, signal transmission system, allows to among all of associated stations. In this manner, the present 

have three-level data consisting of D lt D 2 , D 5 of 2 bit/Hz as 10 invention not only increases transmission capacity but 

shown in FIG. 119(b). As both of A t and A^ data are allows to provide customers a wide variety of series from a 

transmit t ed by 16 SRQAM, their time slots have two times super mini telephone to a high performance telephone, 

data rate as shown by slots 7826, 782c and 7836, 783c. It Embodiment 9 

means the same quality sound can be transmitted by a half Hereinafter, a ninth embodiment of the present invention 

time. Accordingly, a time width of respective time slots 15 will be described referring to the drawings. The ninth 

7826, 782c becomes a half. In this manner, two times embodiment employs this invention in an OFDM transmis- 

transmission capacity can be acquired at the two-level sion system. FIG. 123 is a block diagram of an OFDM 

region 776c shown in FIG. 118, Le. at the vicinity of the base transmitter/receiver, and FIG. 124 is a diagram showing a 

station. principle of an OFDM action . An OFDM is one of FDM and 

In the same way, time slots 782#, 783; carry out the 20 has a better efficiency in frequency utilization as compared 

transmission/reception of El data by use of a 64 SRQAM with a general FDM, because an OFDM sets adjacent two 

signal. As the transmission capacity is three times , one time carriers to be quadrate with each other. Furthermore, OFDM 

slot can be used for three channels of E lt E^, E,. This would can bear muinpath obstruction such as ghost and, therefore, 

be used for an area further close to the base station. Thus, up may be applied in the future to the digital music broadcast- 

to three times communication capacity can be obtained at 25 ing or digital TV broadcasting. 

the same frequency band. An actual transmission efficiency, As shown in the principle diagram of FIG. 124, OFDM 

however, would be reduced to 90%. It is desirable for converts an input signal by a serial to parallel converter 791 

enha n cing the effect of the present invention to coincide the into a data being disposed on a frequency axis 793 at 

transmission amount distribution according to the present intervals of lAs, so as to produce subchannels 794a~794e. 

invention with the regional distribution of the actual traffic 30 This signal is inversely FFT converted by a moduli^ 4 

amount as perfect as possible. having an inverse FFT 40 into a signal on a time axis 799 to 

In fact, an actual urban area consists of a crowded produce a transmission signal 795. This inverse FFT signal 

building district and a greenbelt zone surrounding this is transmitted during an effective symbol period 796 of the 

building area. Even an actual suburb area consists of a time period ts. A guard interval 797 having an amount tg is 

residential district and fields or a forest surrounding this 35 provided between symbol periods, 

residential district These urban and suburb areas resemble Atransrnitting/rcceiving action of HDTV signal in accor- 

the distribution of the TF diagram Thus, the application of dance with this ninth embodiment will be explained refer- 

the present invention will be effective. ring to the block diagram of FIG. 123, which shows a hybrid 

FIG. 120 is a diagram showing time slots by theTDMA OFDM-CCDM system. An inputted HDTV signal is sepa- 

method, wherein FIG. 120(0) shows a conventional method 40 rated by a video encoder 401 into three-level, a low fre- 

and FIG. 120(6) shows the present invention. The conven- quency band D lv a medium-low frequency band D 1 ^, and 

tional method uses time slots 786a, 7866 for transmission to a high-medium-low frequency band video signals, and 

portable phones of A, B channels at the same frequency and fed an input section. 

time slots 787a, 7876 for transmission from the same, as In a first data stream input 743, signal is ECC 

shown in FIG. 120(a). 45 encoded with high code gain and D^ signal is ECC coded 

On the contrary, 16 SRQAM mode of the present inven- with normal code gain. A TDM 743 performs time division 

tion uses a time slot 788a for reception of A l channel and a multiplexing of D^ and D i _ 3 signals to produce a D t signal, 

time slot 788c for transmission to A t channel as shown in which is then fed to a D 1 serial to parallel converter 79 Id in 

FIG. 120(6), A width of the time slot becomes approxi- a modulator 852a. D i signal consists of n pieces of parallel 

matdy Vl In case of 64 SRQAM mode, a time slot 788i is 50 data, which are inputted into first inputs of n pieces of 

used for reception of D x channel and a time slot 788* is used C-CDM modulator 4a, 46, respectively. 

for transmission to D t channel. A width of the time slot On the other hand, the high frequency band signal D 2 is 

becomes approximately Vs. fed into a second data stream input 744 of the input section 

In order to save electric power, a transmission of E i 742, in which D 2 signal is ECC (Error Correction Code) 

channel is executed by use of a normal 4 SRQAM time slot 55 encoded in an ECC 744a and then Trellis encoded in a 

788r while reception of E 4 channel is executed by use of a Trellis encoder 7446. Thereafter, the D 2 signal is supplied to 

16 SRQAM time slot 78^p being a V4 time slot Transmission a D 2 serial to parallel converter 7916 of the modulator 852a 

power is surely suppressed, although communication cost and converted into n pieces of parallel data, which are 

may increase due to a long occupation time. This will be inputted into second inputs of the n pieces of C-CDM 

effective for a small and light portable telephone equipped 60 modulator 4a, 46, respectively. 

with a small battery or when the battery is almost worn out Hie C-CDM modulators 4a, 46, 4c respectively 

As is described in the foregoing description, the present produces 16 SRQAM signal on the basis of D t data of the 

invention makes it possible to determine the distribution of first data stream input and D 2 data of the second data stream 

transmission capacity so as to coincide with an actual traffic input These n pieces of C-CDM modulator respectively has 

distribution, thereby increasing substantial transmission « a carrier different from each other. As shown in FIG. 124, 

capacity. Furthermore, the present invention allows base carriers 794a, 7946, 794c, arc arrayed on the frequency 

stations or terminal stations to freely select one among two axis 793 so that adjacent two carriers are 90°-out-of-phasc 
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with each other. Thus C-CDM modulated n pieces of modu- received when the C/N rate is less than a predetermined 

lated signal are fed into the inverse FFT drcuit 40 and value because its signal transmission pattern is non of a 

mapped from the frequency axis dimension 793 to the time multi-level type. 

axis dimension 79* Thus, time signals 796a, 796b , However the present invention can solve this disadvan- 

having an effective symbol length ts, arc produced. There is 5 tage by combining the OFDM with the C-CDM, thus 

provided a guard interval zone 797a of Tg seconds between realizing a gradational degradation depending on the C/N 

the effective symbol time zones 796a and 796*, in order to rate in a video signal reception without being disturbed by 

reduce multipath obstruction. FIG. 129 is a graph showing multipaih. 

a relationship between time axis and signal level The guard When a TV signal is received in a compartment of 

time Tg of the guard interval band 797a is determined by 10 vehicle, not only the reception is disturbed by multipaih but 

taking account of multipath affection and usage of signal By the C/N rate is deteriorated Therefore, the broadcast service 

setting the guard time Tg longer than the multipath affected area of a TV broadcast station will not be expanded as 

time, e.g. TV gfrost, modulated signals from the inverse FFT expected if the countermeasure is only for multipaih. 

circuit 40 arc converted by a parallel to serial converter 4e On the other hand, a reception of TV signal of at least 

into one signal and, then, transmitted from a transmitting 15 LDTV grade will be ensured by the combination with the 

circuit 5 as an RF signal. multi-level transmission C-CDM even if the C/N rate is 

Next, an action of a receiver 43 will be described A fairly deteriorated As a picture plane size of an automotive 

received signal, shown as time-base symbol signal 796* of vehicle TV is normally less man 10 inches, a TV signal of 

FIG. 124, is fed into an input section 24 of FIG. 123. Then, an LDTV grade will provide a satisfactory picture quality, 

the received signal is converted into a digital signal in a 20 Thus, the LDTV grade service area of automotive vehicle 

demodulator 852* and further changed into Fourier coeffi- TV will largely expanded ff an OFDM is used in an entire 

dents in a FFT 46a. Thus, the signal is mapped from the frequency band of HDTV signal, present semiconductor 

time axis 799 to the frequency axis 793a as shown in FIG. technologies cannot prevent circuitry scale from increasing 

124. That is, the time-base symbol signal is converted into so far. 

frequency-base carriers 794a, 794*, . As these carriers 25 Now, an OFDM method of transmitting only D^ of low 

are in quadrature relationship with each other, it is possible frequency band TV signal win be explained below. As 

to separate respective modulated signals. FIG. 125(6) shows shown in a block diagram in FIG. 138, a medium frequency 

thus demodulated 16 SRQAM signal, which is then fed to band component D t _ 2 and a high frequency band component 

respective C-CDM demodulators 45a , 4Sfr, - - - of a C-CDM D 2 of an HDTV signal are imiltipIexedmC^Mrnahilate 

demodulator 45, in which de m odu l ated 16 SRQAM signal is 30 4a, and then transmitted at a frequency band A through an 

demodulated into multi-level sub signals D lt D 2 . These sub FDM 40dL 

signals D t and D 2 are further demodulated by a D A parallel On the other hand, a signal received by a receiver 43 is 

to serial converter 852a and a D 2 parallel to serial converter first of all frequency separated by an FDM 40e and, then, 

8526 into original D x and D 2 signals. demodulated by a C-CDM demodulator 4b of the present 

Since the signal transmission system is of C-CDM multi- 35 invention. Thereafter, thus C-CDM demodulated signal is 

level shown in 125(6), both D t and D 2 signals will be reproduced into medium and high frequency components of 

dem o d ul a t ed uader better receiving condition but only D, HDTV in the same way as in FIG. 123. An operation of a 

signal will be demodulated under worse, e.g. low C/N rate, video decoder 402 is identical to that of embodiments 1,2, 

receiving condition. Demodulated D t signal is demodulated and 3 and will no more be explained, 

in an outout section 757. As V U1 signal has higher ECC code 40 Meanwhile, the D ul signal, a low frequency band signal 

gain as compared with the D^ 2 signal, an error signal of the of MFEG 1 grade of HDTV, is converted by a serial to 

D w signal is reproduced even under worse receiving con- parallel converter 791 into a parallel signal and fed to an 

ditioiL OFDM modulator 852c, which executes QPSK or 16 QAM 

The Dj_j signal is converted by a 1-1 video decoder 402c modulation. Subsequently, the D w signal is converted by an 
into a low frequency band signal and outputted as an LDTV, 45 inverse FFT 4# into a time-base signal and transmitted at a 

and the D t _ 2 signal is converted by a 1-2 video decoder 4#2J frequency band B through a FDM 4fc£ 

into a medium frequency band signal and outputted as On the other hand, a signal received by the receiver 43 is 

H 5[ V \ frequency separated in the FDM 40* and, then, converted 

The D 2 signal is Trellis decoded by a Trellis decoder 7S9b Into a number of frequency-base signals in an FFT 40a of an 
and converted by a second video decoder 4026 into a high 50 OFDM modulator 852JL Thereafter, frequency-base signals 

frequency band signal and outputted as an HDTV signal are dmninUtpA in T+jpvtiv* dm^ilfttflnt 4^ 4^^- ^ 

Namely, an LDTV signal is outputted in case of the low are fed into a parallel to serial converter 882a, wherein a D 

frequency band signal only. An EDTV signal of a wide l signal is demodulated. Thus, a D^ signal of LDTV grad 

NTSC grade Is outputted if the medium frequency band is outputted from the receiver 43. 
signal is added to the low frequency band signal, and an 55 In this manner, only an LDTV signal is OFDM modulated 

HDTV signal is produced by adding low, medium, and high in the multi-level signal transmission. The method of FIG. 

frequency band signals. As well as the previous 138 makes it possible to provide a compUcated OFDM 

embodiment, a TV signal having a picture quality depending circuit only for an LDTV signal. A bit rate of LDTV signal 

on a receiving ON rate can be received. Thus, the ninth is Vx> of that of an HDTV. Therefore, the circuit scale of me 
embodiment realizes a novel multi-level signal transmission 60 OFDM will be reduced to V20, which results in an outstand- 

system by combining an OFDM and a C-CDM, which was ing reduction of overall circuit scale, 

not obtained by the OFDM alone. An OFDM signal transmission system is strong against 

An OFDM is certainly strong against mulhpath such as mulhpam and will soon be applied to a moving station, such 

TV ghost because the guard time Tg can absorb an inter- as a portable TV, an automotive vehicle TV, or a digital 
ference signal of multipath. Accordingly, the OFDM is « music broadcast receiver, which is exposed under strong and 

applicable to the digital TV broadcasting for automotive variable multipath obstruction. For such usages a small 

vehicle TV receivers. Meanwhile, no OFDM signal is picture size of less than 10 inches, 4 to 8 inches, is the 
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mainstream. It will be thus guessed that the OFDM modu- modulated Into the earners r>f 8 by the modulators \drAf 

lation of a high resolution TV signal such as HDTV or having ordinary amplitude and, then, are OFDM modulated 
EDTV will bring less effect In other words, the reception of in the inverse FFT 40. Then, these OFDM modulated signals 

a TV signal of LDTV grade would be sufficient for an are transmitted from the transmit circuit 5. 

automotive vehicle TV. 5 A signal received by the receiver 43 is separated into 

On the contrary, multipara is constant at a fixed station several signals having carriers of f through the FFT 40a. 

such as a home TV. Therefore, a countermeasure against The carriers fj-f 3 are demodulated by the demodulators 

midtipam is relatively easy. Less effect will be brought to 45o-45c to reproduce the first data stream D u i.e. the first 

such a fixed station by OFDM unless it is in a ghost area. layer 80 la. On the other hand, the carriers f^-fg aredemodu- 

Using OFDM for medium and high frequency band com- 10 lated by the demodulators 454-45/ to reproduce the second 

ponents of HDTV is not advantageous in view of present data stream D 2 , le. the second layer 8016. 

circuit scale of OFDM which is still large. The first layer 801a has so large electric power that it can 

Accordingly, the method of the present invention, in be received even in a weak-signal area. In this manner, the 

which OFDM is used only for a low frequency band TV FW-OFDM system realizes the two-layer multi-level signal 

signal as shown in FIG. 138, can widely reduce the circuit is transmission. If this FW-OFDM is combined with the 

scale of the OFDM to less than Vio without losing inherent C-CDM, it will become possible to provide 3-4 layers. As 

OFDM effect capable of largely reducing multiple obstruc- the circuit of FIG. 144 is identical with the circuit of FIG. 

tion of LDTV when received at a mobile station such as an 123 in the remaining operations and, therefore, will no more 

automotive vehicle. be explained. 

Although the OFDM modulation of FIG. 138 is per- 20 Next, a method of realizing a iniilti-level signal transmis- 

fonned only for D t l signal, it is also possible to modulate sion in Time-Weighted-OFDM (Le, TW-OFDM) in accor- 

both D Ui and by OFDM. In such a case, a C-CDM dance with the present invention will be explained Although 

two-level signal transmission is used for transmission of the OFDM system is accompanied with the guard time zone 

D j. ! and D^. Thus, a multi-level broadcasting being strong t, as previously described, adverse affection of ghost will be 

against multipara will be realized for a vehicle such as an 25 eliminated if the delay time X M of the ghost, Le. mnttipath, 

automotive vehicle. Even in a vehicle, the gradational gradu- signal satisfies the requirement of t*<t r The delay time t*, 

ation will be realized in such a manner that LDTV and will be relatively small, for example in the range of several 

SDTV signals are received with picture qualities depending us, in a fixed station such as a TV receiver used for home 

on receiving signal level or antenna sensitivity. use. Furthermore, as its value is constant, cancellation of 

The multi-level signal transmission according to the 30 ghost win be relatively easily done. On the contrary, 

present invention is feasible in this manner and produces reflected wave will increase in case of a mobile station such 

various effects as previously described. Furthermore, if the as a vehicle TV receiver. Therefore, the delay time t M 

multi-level signal transmission of the present invention Is becomes relatively large, for example in the range of several 

incorporated with an OFDM, it will become possible to tens \is. Furthermore, the magnitude of t w varies in response 

provide a system strong against midtipatfa and to alter data 35 to the running movement of the vehicle. Thus, cancellation 

transmission grade in accordance with receivable signal of ghost tends to be difficult Hence, the multi-level signal 

level change. transmission is key or essential for such a mobile station TV 

FKj. 126(a) shows another method of realizing the muM- receiver in order to eliminate adverse affection rf mnitfpath 

level signal transmission system, wherein the subchannels The multi-level signal transmission in accordance with 

79&*-794c of the OFDM are assigned to a first layer Mia 40 the present invention will be explained below. A symbol 

and the subchannels 794d-7W are assigned to a second contained in the subchannel layer A can be intensified 

layer 8016. There is provided a frequency guard zone 802a against the ghost by setting a guard time t^ of the layer A 

off, between these two, first and second, layers. FIG. 126(b) to be larger than a guard time t^ of the layer B as shown in 

shows an electric power difference 802& of Pg which is FIG. 146. In this manner, the multi-layer signal transmission 

provided to differentiate the transmission power of the first 45 can be realized against multipart* by use of weighting of 

and second layers 80fc and 801*. guard time. This system is referred to as Guard-llme- 

UtiHzation of this differentiation makes it possible to Weighted-OFDM (Le. QTW-OFDM). 

increase electric power of the first layer 801a in the range If the symbol number of the symbol time Is is not 

not obstructing the analogue TV broadcast service as shown different in the layer A and in the layer B, a symbol time t m 

in FIG. 108(d) previously described. In mis case, a threshold 50 of the layer A is set to be larger than a symbol time t^ of the 

value of the C/N ratio capable of receiving the first layer layer B. With this differentiation, a carrier width Afa of the 

801a becomes lower than that for the second layer 8013 as carrier A becomes larger than a carrier width Aft> of the 

shown in FIG. 108(e). Accordingly, the first layer 80Ui can carrier B. (Afa>Afb) Therefore, the error rate becomes lower 

be received even in a low signal-level area or in a large-noise in the demodulation of the symbol of the layer A compared 

area. Thus, a two-layer signal transmission is realized as 55 with the demodulation of the symbol of the layer B. Thus, 

shown in FIG. 147. This is referred to as Power- Weighted- the differentiation of the layers A and B in the weighting of 

OFDM system (Le. FW-OFDM) in this specification. If this the symbol time Ts can realize a two-layer signal transmis- 

PW-OFDM system is combined with the C-CDM system sion against multiparti- This system is referred to as Carricr- 

previously explained, three layers will be realized as shown Spacing-Weighted-WDM (i.e. CSW-OFDM). 

in FIG. 108(e) and, accordingly, the signal receivable area 60 By realizing the two-layer signal transmission based on 

will be correspondingly expanded. the OTW-OFDM, wherein a low-resolution TV signal is 

FIG. 144 shows a specific circuit, wherein the first layer transmitted by the layer A and a high-frequency component 

data passing through the first data stream circuit 791a is is transmitted by the layer B, the vehicle TV receiver can 

modulated into the carriers f t -f 3 by the modulators 4a-4c stably receive the low-resolution TV signal regardless of 

having large amplitude and, then, are OFDM modulated in 65 tough ghost Furthermore, the multi-level signal transmis- 

the inverse FFT 40. On the contrary, the second layer data sion with respect to the C/N ratio can be realized by 

passing through the second data stream circuit 7912? is differentiating the symbol time t, based on the CSW-OFDM 
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*^ D ^ y ™ andB - Ulbh CSW-OFDM h combined as the first layer 801* has a long guard time Ts of 50 us 

wan the (HWOFDM, the signal reception in the vehicle TV larger than 30 .» it will be receKen b^e veMckTV 

receiver can be further stabilized. High resolution is not receiver. The circuit shown in FIG. 127 wfll be suitable for 

nc^yrequu^toAe vemcle TV or me portable TV. this purpose. Especially, the requirement to fce quaff * Z 

resotuSnTV 6 ^. °< ™ .t^' ^ todU<Ung . 3 'T 5 vehide ™ " ^ gradc^lWe. its J3on 

^Z^ZTL F^ ' *1 ° Veia ^ * ansnussion cffi - "P^ty wfll be approximately 1 Mbps of MPEG 1 class. If 

dency wOL not decrease so much even d the guard time is the symbol time T9€a, i.e. Tsa, is set to be 200 lis with 

emarg^Ac«^gly,usingtheGTW-OFDM of thepresent respect to the 2 ms period as shown in HG 149 ^e 

A^^SS^* T 1 ^ ath , by If^S f^ 3 ^ on transmission capacity becomes 2 Mbps. Even if the symbol 

die low-resolutron TV signal wUl realize the multi-layex type to rate is lowered less than half, an approximately 1 Mbps 

^ < ^^ < ^ herCk * e ^ Stad °lf * " mC be kept Therefore, itTp3eto ensl 

portable * vehicle TV receiver can be compatible with the picture quality of LDTV grade. Although the transmission 

stationary Ration sue* as mehomeTV without substantially efficiency is slightly decreased, the erroTrate can be effec- 

to^Mgthe tran^on rfSoeacy. ff combined with the tively lowered by the CSW-OFDM in accordance with the 
USW-UFDM or the C-CDM as described previously, the is present invention. If the C-CDM of the present invention is 

mult ': 1 ^ *» ^ Thu, « with the GTW-OFDM, deteriSof me toms 

signal reception in the mobile station wfll be further stabi- mission efficiency wfll be able to be effectively prevented In 

An »ff«rio„ Hw -...If^ will iu , , ^ ■ H& U9 ' *" ****** ^ 79 *°- 796fc - and 796c of the 

An affection of the mulbpaA wfll be explained m more same symbol number are differentiated to be 200 us, 150us, 
detafl. Incase of mumpaths 810a, 8106, 810c, and 810d 20 and 100 us, respectively. Accordingly, the error raTtaxcrnes 

*^f%2l " Sh0Wn m HG - 145 < a >' * e ni«h in me order of the first, second, and third layers 

si »"^ b0 ™ m efirjt and second layers can be received to realize me multi-layer signal transmission, 

and therefore the HDTV signal can be demodulated. On the At the same time, the multi-layer signal transmission 

contrary in case of multiparas 811a t 8116, 811c, and Slid effective to ON ratio can be realizoA Bylombhung the 
de ^ y 1 tUne shown in FIG. Id**), the B 25 CSW-OFDM and the CSW-OFDM, a two^timensioual 

signal of the second layer cannot be received since its guard multi-laytr signal transmission is realized with respect to the 

time t^ is not sufficiently long However, the A signal of the multipath and the ON ratio as shown in FIg!i51. As 

first laya can be received without being bothered by the described previously, it is possible to combine the CSW- 

Zv.lfT 1 - *?. ^ |f «fl5^ 1«* As OFDM and the C-CDM of the present invention for pre- 
dcscrib<xl B a « Ml mcludes fl>e high-frequency 30 venting the overall transmission efficiency from being low- 

COTponent of TV signal. The A signal includes the low- ered. In the first, 1-2, and 1-3 layers 891a, 851a, andKloz. 

fr^uency romponent of TVsignal. Accordingly, the vehicle the LDTV grade signal can be stably received by for 

TVcan reproduce the LDTV signal Furthermore, as the example, the%ehkfeTV receiv«x^ec^ ffieta^ 

symbol tune Tsa is set larger than symbol time Tsb, the first multipath T„ and low ON ratio. In the second and 2-3 layers 
TLIS 0 "? det T OraU0n ofONntift 35 Ml* and 8516, the standard-resolution SDTV grade signal 

SuA .discrimination of the guard time and the symbol can be received by the fixed or stationary station tocatedTfor 

SLl, to r ??%J5?* aa * a * mum-lay* example, in the fringe of the service area which fag««uly 

signal transmission ofthe OFDM in a simple manner. If the subjected to the lower ONratio and ghost In the mirdlay* 

discrimination of guard time is combined with the C-CDM. 801c which occupies more than natfofme service area, me 
Z*1°™?J*JT m P J? ^"^-^ signal 40 HDTV grade^aTcan be received since me^ .So is 

transnu^on effective against both mumpath and deteriora- high and the ghost is less because of large direct wave In 

tion of ON ratio will be realized. this manner, rtwosiimensional nndti-lIL £ 

Next, a specific example wfll be described below. vice effective to both the ON ratio and the miiltipath can be 

•Die smaller the D/U ratio of the receiving signal becomes, realized by the combination of the GTW-OFDM and the 
r 5 « " , mult * ath ****** ^ T - becomes. Because, 43 C-CDM or the combination of the GTW-OFDM and the 

the reflected wave increases compared with the direct wave. CSW-C-CDM in accordance with the present invention. 

F« exanq>le as shown ra FIG. 148, if the D/II ratio is Thus, the present invention realizes a tw^taendoML 

smaller than 30 dB, the delay time T M exceeds 30 us because matrix type, multi-layer signal transmission system effective 

of increase of the reflected wave. Therefore, as can be to both the ON ratio and thd multipara, which has not ever 
understood from FIG. 148, it wfll become possible to receive 50 been realized by the prior art technologies. 

uL^SLT™ WOrSt oonditioa if the Tg is set to be A timing chart of a three level (HDTV, SDTV, LDTV) 

larger man jU us. televisioo signal In a two-dimensional multilevel broadcast 

n^S 0 ^* "* to FI0S - 149ia) of three C/N levels and three multipath levels is shown in 

149(fc), three groups of first 801a, second 801*, and third FIG. 152 As shown in the figmTme LDTV signal is 
«Uc layers are assigned ina 2 ms period of 1 sec TV signal. 55 positioned in slot 796ol of the first level of level A, melevel 

The guard times 797«, 7971,, and 797c, Le. Tga, Tgb, and with the greatest resistance to multipath m^«^fme 

Tgc, of these three grotms are weighted to be, for example, SDT synchronization signal, address signal, and other 

^n?2lfl ^ I TE! rtiVC,y, aS ^ k HG - U * c * I«l«^ are positioned in slot 796a2, 

1' ^T^W *a™<™™°* effechvc to the multi- which has the next greatest resistance to multipart 
SLISl^ !£^ C i?^f WD m ^Jf 9 - 60 kterf**™*, «"d slot 79661, which has strong resistanTto 

Vl ^T^k^ m P tanded - Cm deterioration. The SDTV common signal, Le., low 

• a rEr^ 01 ? ^ Mu «PPlied to all the picture qiudity, it priority signals, and HDTV high priority signals are posi- 

w doubtless ttat the transmission efficiency will decrease. tioned in levels 2 and 3 of level B. SDTV. EDTV^HDIVand 

However if the GTW-OFDM is only applied to the LDTV other high frequency component television signals are posi- 

agnal including less information for the purpose of sup- « tioned in levels 1, 2, and 3 of level C 

pression of multipath, it is expected that an overall trans- As the resistance to ON deterioration and mumpath 

mission efficiency will not be worsened so much. Especially, interference increases, the transmission raze dropsTcausing 



